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Abstract 
This thesis covers the synthesis and structural characterization of a new 
series of silver complexes constructed with the supramolecular synthons 
Rx-C=C=)Ag„ (« = 3 � 5 ; Rx = halophenyl or nitrophenyl), which are 
extensions of the simple silver phenylethynide supramolecular synthons in 
our previous work. In course of this investigation, weak intermolecular 
interactions involving nitrophenylethynide and halophenylethynide moieties 
have been revealed. 
Eight complexes based on the Rx-C三Ci^Ag” {n = 4, 5; Rx = 
halophenyl) supramolecular synthon have been prepared and characterized 
by single-crystal X-ray analysis. The results suggest that incorporating 
halogen atoms into our supramolecular synthons gives rise to various types 
of intermolecular interactions such as unsymmetric halo-halo interactions, 
weak and strong silver."halo interactions, and halo."7c interactions, which all 
played important roles in the construction of coordination networks. In 
addition, a complex containing the 2-nitrophenylethynide synthon that 
exhibits an unexpected F …F weak interaction has been prepared for 
comparison. 
Furthermore, ten complexes containing the Rx-C三C�Ag„ (« = 3 ~ 5; 
Rx = nitrophenyl) supramolecular synthon have been prepared and 
characterized by similar methods. In this series, the nitro substituents on the 
phenyl ring have exhibited more versatile ability in the formation of weak 
interactions such as nitro…silver bonding/interaction, tc…兀 interaction, 
anion-"71 interaction and hydrogen bonding. 
摘要 
本論文敘述了一系列含有tf素和硝基取代的苯乙炔銀超分子合成子 










本論文還進一步討論了十個含有硝基苯乙块銀Rx"CEC3Ag„ {n = 3 
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Chapter 1. Introduction 
Chapter 1. Introduction 
1.1 Weak Intermolecular Interactions 
Some binding forces in crystals are not as strong as conventional ionic, covalent, 
and coordination bonds and are thus named 'weak' intermolecular interactions. These 
interactions are of wide variety, and their manifestation in various combinations can 
lead to the generation of many novel supramolecular structures. In this chapter, we 
present a brief introduction to some weak interactions that are found to be relevant to 
our investigation. 
1.1.1 Van der Waals Interaction 
The concept of 'van der Waals radius' comes from the almost invariable closest 
contact distance between two non-bonded atoms. The van der Waals radius Ovkv) of 
an element is theoretically defined as the very distance on which the minimum point 
of non-bonding potential laid. But in crystallographical studies, their numerical values 
are derived from statistical analysis of the available crystal structure data. In any 
given crystal, two non-bonded atoms are usually separated by a distance which is 
close to the sum of their van der Waals radii. The term 'Van der Waals interaction' is 
used to describe this phenomenon. 
The van der Waals radii ("vdw) of some elements are listed in Table 1. 
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Table 1.1.1.1. [！匕]Van der Waals radii (pm) of some atoms in the Bondi scale. 
H He 
120 140 
Li C N 0 F Ne 
182 170 155 152 145 154 
Na Mg Si P S CI Ar 
227 173 210 180 180 180 188 
K Ni Cu Zn Ga Ge As Se Br Kr 
275 163 143 139 187 219 185 190 185 202 
Pd Ag Cd In Sn Te I Xe 
163 172 162 193 217 206 198 216 
U Pt Au Hg T1 Pb CHs 
186 175 166 170 196 202 200 
1.1.2 Hydrogen Bonds 
The hydrogen bond is one of the most important intermolecular interactions 
recognized by chemists and biochemists. 
The hydrogen bond is an intermediate state between ionic bond and the van der 
Waals interaction. It is usually designated as D-H…A to indicate the interaction 
between a covalently-bonded hydrogen atom (attached to donor atom D) and an 
electronegative atom (proton acceptor A) which has an electron lone pair. Usually, the 
more electronegative the proton acceptor is, the stronger the hydrogen bond is formed. 
In exceptional cases, the interactions on both side of the hydrogen atom may be 
equivalent in strength (D-H…A < > D…H-A) to give a symmetric hydrogen bond 
such as F...H...F or 0.“H...0.[2a] 
The hydrogen-bond donors and acceptors are functional groups such as 
carboxylate, ester, amine/amide/imine and hydroxyl groups with oxygen, nitrogen or 
other early-period electronegative elements. However, weak C-H…O and C-H…F 
hydrogen bonds have also been found in crystals and in solution, in which the proton 
acceptor can be carboxylate, nitro^ '^'之」]or trifluoromethyl groups’[2c-2h] while the 
Chapter 11. Introduction 
proton donor may be the a-carbon of acetonitrile, an aromatic carbon or some other 
functional group with active C-H bonds. 
The bonding energy of a typical hydrogen bond lies between 16 kJ-mol'' and 155 
kJ.mol-i. The strongest hydrogen bond measured is F-H-F in liquid HF, having the 
bonding energy 155 kJ-mol"' (comparable to chemical bonds). For an intermediate 
hydrogen bond the value lies in the range of 20-30 kJ-mol'^ The strength of a 
hydrogen bond depends on temperature, pressure and bond angle. The hydrogen bond 
is not necessary to be, and usually not, linear. Although the bonding energy of a 
hydrogen bond is weak compared to covalent bonds, but the subtly interplay between 
them accounts for a delicate balance of strong and weak intermolecular forces in 
crystals.[2kJ 
Notably, the stability of the hydrogen bond in crystals relies not only on its own 
bonding strength but also its surrounding environment-namely secondary interactions. 
Electrostatic attraction between two positively and negatively polarized atoms may 
provide additional stabilization for adjacent H-bond systems, whereas electrostatic 
repulsion is likely to result in destabilization. 
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Scheme 1.1.2.1. Illustration of attractive and repulsive secondary interactions in 
similar H-bond systems with different H-bond directions. (left: 
1 -methylcytosine-9-methylguanine dimer; right: l-methyIuracil-2,6- diamino 
pyrimidine dimer). The two systems have a 10.7 kcal/mol energy difference in their 
thermal stability.[2a] 
There is no cutting-off definition in interaction distance of hydrogen bonds, but 
according to physical and chemical properties they are categorized into three types, as 
displayed in Table 1.1.2.2, 
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Table 1.1.2.2. Some physical and chemical properties of strong, moderate and 
weak hydrogen bonds.口] 
Types of H-bond Strong Moderate Weak 
D-H …A Mostly covalent Mostly electrostatic Electrostatic/dispersion 
interaction type 
D-H vs. H…A …A D-H < H…A D-H « H…A 
D…A (A) 2.2-2.5 2.5-3.2 >3.2 
H…A (A) 1.2-1.5 1.5-2.2 >2.2 
Lengthening of 0.08-0.25 0.02-0.08 <0.02 
D-H (A) 
Directionality Strong Moderate Weak 
Bond angles (。） 175-180 130-180 90-150 
Bond energy 60-155 16-60 <16 
(kJ.mol-i) 
'H downfield 14-22 <14 N/A 
shift (ppm) 
Examples (i) Gas-phase dimers (i) Acids (i) Gas phase dimers 
with strong acid (ii) Alcohols with weak acids or 
or strong bases (iii) Phenols weak bases 
(ii) Acid salts (iv) Hydrates (ii) Minor components 
(iii) Proton sponges (V) All biological of 3-centre bonds 
(iv) Pseudohydrates molecules (iii) C-H - O/N bonds 
(V) HF complexes (iv) O / N - H - t t bonds 
1 , 3 兀…冗 Interactions 
TT"兀 Interactions were discovered long ago and have been widely employed in 
crystal engineering.[4“幻 Generally, functional groups with multiple bonds (such as 
C=0，C=C, C=N，C=C and C三N) that are parallel oriented to each other with atoms 
distanced within the sum of their van der Waals radii, or parallel arranged phenyl 
rings (either face-to-face or edge-to-edge mode) bearing centroids distanced between 
3.3人 and 3.8人，are recognized as 7t…tt interactions, though such criterion is flexible 
depending on individual cases. The most common form of tt-.ti interaction is the 
infinite stacking of phenyl rings in the face-to-face mode (always with a little offset). 
The nature of 兀-tc interactions is ascribed to electron migration between the 
LUMO of the electron donating 7i-system and the HOMO of the electron withdrawing 
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兀-systems; for example, in the pair of benzene and perfluorobenzeneJ^^ 5b] Therefore, 
for the Ti-electron donor, its inward Tc-electron repulsion is reduced and its internal 
instability diminished, and similarly for the electronic 7c-acceptor. 
1.1.4 Lone-Pair."Aromatic Interactions 
The state of a fairly electronegative or an electron-rich and polarizable atom with 
at least one lone pair of electrons directing toward the centre (or an edge of multiple 
bond) of an electron-withdrawing aromatic ring is named the lone-pair...aromatic 
interaction, as shown in Figure 1.1.4.1. a 丨 . 声 
EWC 
Figure 1.1.4.1. Demonstration of a lone-pair-••aromatic interaction 
This type of non-covalent interaction is stabilized by coulombic attraction and 
ion-induced polarization. Both theoretical and experimental studies have 
demonstrated that electron-deficient aromatic rings or hetereocycles with 
coordination-induced polarization[5g-5k] are favored in forming this type of interaction 
in supramolecular assembly. These interactions are comparable in strength to 
moderate hydrogen bonds (16-60 kJ/mol, Table 1.1.2.2) in strength ^ 
The halogen...aromatic interaction is a typical type of lone-pair".aromatic 
interaction which is attributable to the available electron lone pair in the polarizable 
outer valence shell of the halogen atom, especially in the case of iodine and bromine. 
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1.1.5 Halogen...Halogen Interactions 
Halogen...halogen (X…X) interactions is another type of weak intermolecular 
interaction ubiquitous in crystals. In crystalline materials, two halogen atoms 
distanced closer (normally by 0.1-0.4 A) than the sum of their van der Waals radii are 
very common, especially the unusually strong iodine—iodine interactions. 
Halogen...halogen interactions are pervasive for all available types of X1...X2 
contacts, except there are few reports of F…F interac t ions .Research based on 
crystal structural database analysis supports the idea that X…X type contacts are 
naturally attractive.[6a] A study by Desiraju and co-workers has shown that in a group 
of compounds, the ratio of (X…X) vs. (X…C) + (X…H) contacts usually exceeds the 
ratio of (the surface of halogen atoms) vs. (total molecular surface area).[6b-6d] 
Moreover, this conclusion is reinforced by the very existence and the stability of the 
CI2 dimer in gas phase[6e] and that CI substituents in organic crystal have an ability to 
steer the crystal packing towards layer-type arrangements, which is the basis of the 
'chloro rule'. The polarisability of halogen atoms is pivotal in establishing both 
symmetric and unsymmetric halogen...halogen interactions, especially for I -I 
interactions. But for Cl-Cl and C1...F interactions, anisotropy and close packing may 
also be important. 
Notably, some newly reported iodine aggregates are exclusively stabilized by a 
combination of by r " I interactions and Ag-I interactions23] in this work, four 
iodine atoms form a tetragonal aggregate which includes one silver atom. This AgU 
iodoargentate moiety even generates a framework structure, comparable to 
argentophilic frameworks studied previously by our group. Halogen-silver 
interactions measured in crystal structure are not limited to iodine(iodo)…silver 
interactions^ , but also bromo." silver[6幻 ones, in which the halogen atoms are 
either in ionic form or as substituents on aromatic rings. 
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1.2 Argentophilic Interaction 
Argentophilic interaction refers to the unusual close contact of two or more 
silver(I) ions distanced significantly shorter than the sum of their van der Waals radii, 
which has been intensively studied in organometallic chemistry and crystal 
engineering. 
Silver(I) ions each having a close-shell configuration are usually considered 
not to attract each other. However, many aggregate structures of Ag(I) as well as Cu(I) 
and Au(I) have been characterized by means of single-crystal X-ray crystallography. 
For example, short silver-silver distances (around or much less than 3.44A, twice the 
van der Waals radius of silver atom according to the Bondi scale) commonly occur 
among silver(I) complexes of ethynediide.[‘岔]In recent years, the investigation of 
metallophilic interactions involving group IB metal ions has made rapid progress 
Usually argentophilic interactions are observed in binuclear[7] and linear silver 
complexes[8]，as well as various silver(I) aggregates such as silver(I) cages. They 
represent an important type of weak interactions in the fabrication of coordination 
networks. 
T 1 r T ^ l A r A 
• ^ 广 ‘ 丄 
I I I I 
Ag 
(a) (b) 
Figure 1.2.1.1 . Structure of Ag2(form)2 (a) and Ag2(dmtp)2^ '" (b). 
Computational and spectral investigations both support the presence of 
argentophilic interaction, especially in ligand-unsupported cases. Molina[9a] and his 
co-workers have performed a calculation on the dimeric complex [Ag(dmtp)(N03)]2 
(dmtp = 5,7-dimethyl [l，2，4]triazolo [l,5-a]pyrimidine, Figure 1.2.1.1(b)) via 
7 
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Hartree-Fock as well as density functional(B3LYP) and variational(MP2) methods. 
The results suggest that the interaction between two Ag atoms is comparable to that 
between Ag and N atoms, in which the Ag-Ag distances vary from 3.118A to 2.886A, 
depending on the methods and basis employed. 
u 
I I 
Br— Ag-- - Ag— Br \ / \ < f ^ 
^ N N N O 
(a) . (b) 




Perrault and co-workers have carried out a study of Ag2(dmpm)2Br2 (dmpm = 
bis(dimethylphosphine), Figure 1.2.1.2(c)) and other related complexes with Ag-Ag 
distances in the range 3.04-3.60A[9b]，which show that intense Raman scattering is 
associated with the metal-metal stretching vibration. Likewise, other metal complexes 
such as [Ag(NH3)2]2.S04 and Ag(2-hydroxypyrimidinato).2H20[9c]，with silver atoms 
linearly coordinated and without supporting bridging ligands, have A g - A g distances 
of 3.200 A and 3.302 A，respectively. More convincing evidence of Raman spectra 
comes from Omary's and Che's work[7a’7c]，in which Raman-active bands for Ag-Ag 
are found at 125 cm] and 75 cm.� in Tl[Ag(CN)2]，(Figure 1.2.1.2(a)) and SOcm] in 
[Ag2(dcpm)](CF3COO)2(cicpm = bis (dicyclohexyl phosphino)methane, Figure 
1.2.1.2(b)). With reference to a similar band for Au-Au in [Au2(dppm)2]2+，by 
assuming a pure stretching mode for M...M，the force constant corresponding to 
v(Ag-Ag) = 80 cm'' is calculated as c(Ag2) = 0.203 mdyn A"' or 20.3 Nm"'[叫，and 
likewise c(Au2) = 0.449 mdyn A'' or 44.9 Nm'', corresponding to the equation: [？^‘川 
f7l i 771' 
A commonly accepted result from ab initio calculations^^^' 8�] is that the aurophilic 
8 
� 
Figure 1.2.1.3, Structural unit of [Pt2Ag8(CECBu')8(acetone)2](C104)4. Symmetry 
code: a 1 -x, y, 0.5-z . 
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attraction is mainly attributed to correlation effects with minor contribution from 
relativistic effects. Further theoretical studies indicate the order of metallophilicity for 
group 11 metals is Cu(I)<Ag(I)<Au(I). This work serves as a potential indication of 
the presence and the relative strength of argentophilic and aurophilic interactions. 
Studies in recent years have brought out different kinds of multi-dimensional 
coordination works that exhibit metallophilic interactions. One very important 
category of silver(I) complexes includes those with clusters structures consolidated by 
argentophilic interaction which are stabilized by various ligands, especially alkynyl 
groups. Two examples are shown in Figure 1.2.1.3&Figure The two 
complexes contains cluster structures built up from Ag/Pt or Ag/Cu, which are further 
stabilized by different singly-substituted ethyne ( R O C ) ligands. 
3 9 
3a 
Figure 1.2.1.4 .Structural unit of [Ag6Cu2(/-Ph2PCH2PPh2)3(CeCC6H4COCH3 
-4)6]2(C104)4. 
The argentophilic interaction is of particular interest to our group. In our research 
program, a series of ethynide ligands such as C i ' , Ca ' and RC=C' (R represents an 
alkyl or aryl group) are used to synthesize various silver multiple salts. In the past 
decade, we have characterized a large number of silver(I) clusters exhibiting rich 
structural variety, in which the argentophilic interaction plays a key role with the 
support of ancillary ligands” 8] 
10 
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1.3 Silver Acetylenediide and Silver Arylethynide 
1.3.1 C2@Ag, (n = 6，7，8，9，10) 
Acetylene is a weak Bronsted acid (pKa ~ 25)[i4]. Bubbling acetylene gas into an 
aqueous solution of silver nitrate gives rise to silver(I) acetylenediide(Ag2C2) as a 
white precipitate, which is soluble in a concentrated Ag^ solution, (e. g. an aqueous 
solution of AgNOs) This procedure allowed us to obtain a series of double salts with 
the stoichiometric formula AgzCa.wAgX (where X = CI, I，NO3, H2ASO4, or ！/2EO4 (E 
=S , Se, Cr, W), m is the molar ratio).[i5] 
The silver double salt Ag2C2.6AgN03[i6] was first revealed in 1954 to have a 
rhombohedral silver cage with an encapsulated acetylenediide dianion. Then in 1990， 
by structure refinement methods, its correct structure was obtained, in which the 
dumbbell-like Cj^' dianion is disordered over a crystallographic three-fold axis.�i7� 
Since 1998，we have synthesized a wide range of double, triple, and quadruple 
salts containing silver(I) cages with encapsulated acetylenediide."8] Various two- or 
three-dimensional coordination networks (depend on the ancillary ligands used) based 
on C2@Ag„ cages have been obtained. In these complexes, the C2@Ag„ cages (n 
varied from 6 to 10) are stabilized by argentophilic interaction and linked via sharing 
vertices or by ligands. The C = C triple bond is prolonged to 1.22 to 1.23 A, while the 
Ag...C distances vary from 2.10 A to 2.50 A. The shapes of the Ag„ cages are 
dependent on the number of silver atoms. (Fig 1.3.1.1) Meanwhile, bi-cages have also 
been obtained, which are usually formed by sharing cage vertices or edges. 
11 
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Figure 1.3.1.1 Acetylenediide species C2 “ encapsulated inside different silver(I) 
polyhedrons. 
1.3.2 Ag4C=C=C-C=C3Ag4 and R-C=C@=)Ag„ 
(« = 4, 5 ; R = A r y U - B u ) 
1,3-Butadiyndiide and aryl-attached ethynide have been used instead of 
acetylenediide as anionic ligands in the construction of silver(I) aggregates. The 
binding features of these ligands are shown in Scheme 1.3.2.1. 
As a result, novel Ag4cCsC-C=Cz)Ag4 and R-C=Cz)Ag„ (n = 4，5) 
supramolecular species based on 1,3-butadiyndiide ligand or aryl-attached ethynide 
ligands have been achieved. In these complexes, the silver ions form basket-like 
clusters via argentophilic interaction and half-encapsulate (unlike the total 
encapsulation of acetylenediide) the ethynide or butadiyndiide ligand, which adopts 
the \L4- or ,^5- ligation mode (Figure 1.3.2.1)[i9-2i]. The silver-ethynide interactions 
observed are classified into three types: a-, 7C-, and mixed (a, n). The a-type 
interactions adopt Ag-C=C angles close to 180° as compared to 兀-type ones that adopt 
acute angles. 
12 
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Scheme 1.3.2.1 Schematic diagram showing the structural relationship between 
the supramolecular aggregates Ag4C C ! C i � A g 4，A g „ c C 2一R ~ C 2 � A g „ (R = 
P-, m-’ 0-C6H4； « = 4，5), R — C 2 � A g „ (R = Ph-’ Py-，etc.) and C2@Ag„ (n = 6-10). 
The circular represents Ag„ {n = 4，5) baskets. 
Ag4C C2—C2 二Ag4 
Ag„c C2—R—C2�Ag , 
(R=/?-C6H4;« = 4，5) 
Ag„c: C2—R—C2�Ag„ 
(R = W-C6H4； n = A,5) 
Figure 1.3.2.1. Coordination modes of supramolecular aggregates Ag4C C2一C2 
Z)Ag4 and Ag„e C2一R“Ci =>Ag„ (R = m_, p-CeH^-, n = 4,5) 
13 
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A Research Strategy 
A 
CI 
-lodophenylacetylene 3,4-Dichlorophenylacetylene 3-Chlorophenylacetylene 
n 






Figure 1.4.1. Ligands employed in this research work. 
-Nitrophenylacetylene 
Based on our previous work on the R-C=Cz)Ag„ (« = 4，5; R = aryl) type of 
supramolecular aggregates, further modification of the R- group to introduce 
additional weak intermolecular interactions may yield new types of supramolecular 
architectures. The application of ligands such as phenylacetylenes with substituted 
halogen or nitro functional groups may lead to the possible formation of 
silver—halogen or silver—nitro interactions, so as to enhance the prospect of 
generating supramolecular aggregates with novel inter-connections and architectures. 
To the best of our knowledge, systematic studies on nitro…metal interactions[22] are 
14 
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rare, while the only silver...halogen interactions within our supramolecular synthon 
system have only been limited to silver—fluorine contacts. So we chose a family of 
analogous or positional isomeric ligands (as shown in Figure 1.4.1) for subsequent 
investigation on the construction of new supramolecular silver(I) aggregates. 
At the outset, a difficulty we had anticipated is that the solubility of silver(I) salts 
of this family of ligands might be too low in a concentrated silver(I) aqueous solution 
with or without the presence of organic solvents. This problem was eventually 
overcome by careful adjustment of the ratio of solvents used, employment of hydro-
or solvo-thermo synthetic methods, and the usage of appropriate ancillary ligands. 
15 
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Chapter 2. Coordination Networks 
Constructed with the Supramolecular 
Synthon System Rx-C=C=)Ag^ {n = 4, 5; Rx 
=halophenyl) 
This chapter covers eight complexes synthesized from the reaction of silver salts 
with 4-iodophenylacetylene, 2-fluorophenylacetylene, 3-bromophenylacetylene, 
3-chloro phenylacetylene and 3,4-dichlorophenylacetylene. In these" complexes, 
silver...halogen as well as halogen—halogen interactions are observed, and their 
importance in the construction of metal-organic frameworks is discussed. In addition, 
a silver complex of 2-nitrophenylacetylene was prepared for comparison with those of 
halophenylacetylenes. 
AgOCC6H4l-4 . 2AgCF3COO (2.1) 
AgC三CC6H4I-4 . SAgNOs (2.2) 
2AgC^CC6H3Cl2-3,4 . SAgCFsCOO . 2CH3CN . H2O (2.3) 
4 A g O C C 6 H 4 C l - 3 . 6AgCF3COO . 5CH3CN (2.4) 
4AgOCC6H4Br -3 • GAgCFgCOO . 5CH3CN (2.5) 
2AgOCC6H4Cl-2 . 4AgCF3COO . NC(CH2)4CN (2.6) 
2AgOCC6H4Cl-2 . 4AgCF3COO . 2CH3CN (2.7) 
AgOCC6H4F-2 . 2CF2(CF2COOAg)2. 2CH3CN (2.8) 
4AgC^CC6H4N02-2 . lOAgCsFvCOO . 4CH3CN . 4H2O (2.9) 
16 
Chapter 2. Rx-C=C=)Ag,, (/? = 4，5; Rx = halophenyl) 
2.1 Crystal Structure of AgC=CC6H4l-4 . SAgCFgCOO (2.1) 
Figure 2.1.1. Two inversion-related structural units of complex 2.1 and atom 
labeling scheme (50% thermal ellipsoids). For clarity, trifluoromethyl moieties of 
trifluoroacetate anions and all hydrogen atoms are omitted. Selected bond lengths 
[A]: C1=C2 1.222, CI…Agl 2.341, CM…Ag2 2.164, C l - A g 3 2.253, C l - A g 3 a 
2.523, C2...Agl 2.842，C2...Ag3a 2.673, Ag l -Ag2 3.026，Agl.-.Ag3 3.238， 
Ag2…Ag3 2.781, Ag3-Ag3a 2.815. Symmetry code: a \-x, -y, 1-z. 
In this complex, as shown in Figure 2.1.1，the ethynide group (C1=C2) is bonded 
2 2 1 1 
to a butterfly-shaped Ag4 basket by adopting the m- "n , r| , t^  , r| ligation mode. Two 
inversion-related Ag4 baskets share one silver edge (Ag3...Ag3a) to yield an Age 
aggregate. The distances between silver atoms range from 2.815人 to 3.238人， 
suggesting the existence of significant argentophilic interaction. Such silver baskets 
and ethynide ligation mode are consistent with those in the previously established 
R-C=Cz)Ag„ (« = 4，5) supramolecular synthon.[i9] 
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(C) 
Figure 2.1.2. A portion of the crystal structure of 2.1 in the ab plane via bridging by 
carboxylate groups (50%Thermal ellipsoid), (a) Linkage of two molecules in b 
direction.(b) Linkage in the a direction, (c) 2D Network in the ab plane. CF3 
moieties of trifluoroacetate anions containing C9 are omitted for clarity. Symmetry 
code: a 2-x, -y, 1-z; b 1-jc, \-y, 1-z; c \+x, y, z; d \-x, -y, l-z . 
The Ag6 aggregate has a centrosymmetric (AgCFsCOO)! unit, in which each 
carboxylate group (containing 03，04) adopts the iM-0,0, 0 ' , 0 ' ligation mode, as 
shown in Figure 2.1.2(a). The distance between two silver atoms (Agl-"Agla) in this 
unit is 2.993A, which lies within the argentophilic distance range; under such linkage, 
the silver aggregates are extended into an infinite silver chain along the a direction. 
Furthermore, the Ag6 aggregates in parallel silver chains are also cross-linked by the 
18 
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other independent trifluoroacetate groups (containing 01，02) acting in the |X3-0,0,0' 
(via 57«-geometry) mode to form a web-like layer in the ab plane, as shown in Figure 
2.1.2(b) and Figure 2.1.2(c). It is notable that bridging between silver chains is 
assisted by silver-fluoro close contact. The bridged Ag2-F9 distance is 3.088A, 
being slightly shorter than the sum of van der Waals radii of F and Ag.[丨b] This kinds 
of close contact between silver and fluorine rarely occurs, though an example of this 
interaction was reported in our previous work on the crystal structure of 
Ag2C4 . 2AgF . lOAgCiFsCOi. CH3CN . 12H20.[i9a] 
Figure 2.1.3. Packing diagram of complex 2.1 in the ac plane. Trifluoroacetate 
anions are omitted for clarity, except for one bridging carboxylate moiety. 
Symmetry code: a, 2-x, -y, 1-z; b, x, y, I+2; c, 2-x, -y, -z; d，\-x, -y, -z; e，2-x,-y, -z. 
As shown in Figure 2.1.3, the iodophenyl ethynide ligands are arrayed between 
the above-mentioned web-like layers, alternatively running parallel or anti-parallel to 
the c axis. Their ethynide terminals are inserted into corresponding silver baskets, 
while each iodophenyl group is coordinated to a pair of silver atoms of the 
(AgCF3COO)2 structural unit by adopting the [I2-I mode. The distance between silver 
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and iodine atoms are 2.906A (Agl...Ilc) and 3.394A (Agl - I lb ) , indicating the 
presence of strong silver-iodine interactions. The interlaced phenyl rings are stacked 
via two types of edge-to-edge tt-.tc interactions[20a] of intermediate strength: 
C4-C5-C5e-C4e 3.670A and C7-C8-C8d-C7d 3.563A. The corresponding 
center".center distances of adjacent phenyl rings are 4.149A (I) and 4.199A (II). 
Hence the ligands connect the web-like layers altogether to generate a 3D network. 
2.2 Crystal Structure of AgC三CC6H4l-4.3AgN03 (2.2) 
07 
Figure 2.2.1. Coordination geometry in 2.2 (50% thermo ellipsoids). Selected 
bond length[A] and angles^]: CI三C2 1.225, Cl-Agl 2.308, Cl-Ag2 2.234, 
Cl-Ag3 2.191，Cl-Ag4 2.304，C2-Agl 2.873，C2-Ag4 2.683, Agl...Ag2 3.054， 
Agl…Ag3 3.012, Ag2…Ag3 2.947，Ag2…Ag4 3.011，Ag3...Ag4 2.909, 09.-.C8 
3.177. 
In this complex, as shown in Figure 2.2.1，the ethynide group (C1=C2) inserts 
2 2 1 1 • 
into a stand-alone Ag4 basket in the 1x4- r| , r| , r) , r| ligation mode, being similar to 
that in complex 2.1. The distances between the silver atoms range from 2.909A to 
3.O21A. Three of the four silver atoms are coordinated by three nitrate anions. There 
is one intermolecular C-H- O type hydrogen bond between C8 and 09，in which the 
20 
(b) 
Figure 2.2.2. (a)The bridging modes of three nitrate ions of a structural unit 2.2. 
(In which silver atoms are rendered a deeper color.) (b) Silver atoms bridged by 
nitrate ions belonging to other structural units. Symmetry code (a&b): ax,y, z-\; b 
JC-0.5, 1.5-7, 2-0.5; c x-0.5, \.5-y, 0.5+z; d 0.5+x, \.5-y, 0.5+z; e 1+jc, y, 1+z; fx-l, 
y,z-l;g 0.5+x, 1.5-;^ , z-0.5; hx,y, \+z. 
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C…O distance is 2.269人 and ZOHC is 165°. 
� 
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As shown in Figure 2.2.2, through the linkage of nitrate ions and silver-iodo 
interactions, each structural unit is connected to twelve silver atoms belonging to 
different Ag4 units: five of them are bridged by 02, 03, 0 4 and by 0 7 adopting the 
\i2-0 mode, (Figure 2.2.2a) three of them similarly bridged by nitrate ions belonging 
to other units, (Figure 2.2.2b, we cut off the bonding distance for Ag-0 at 2.60A[8] 
here.) and the remaining four by silver."iodo interaction {\x.2-I mode, Figure 2.2.2c), 
with A g - I distances of 3.211 人 for A g l - I l and 2.814A for Ag4...Il，respectively. 
Compared to the van der Waals radii of silver and iodine in the Bondi Scale, 1 J2k 
and 1.96A respectively, the two contacts shall be ranked as strong silver-iodo 
interactions. The linkage of the silver baskets bearing ethynide ligands by. nitrate ions 




Figure 2.2.2 (c) Silver..iodo interactions. Symmetry code: a x-\, \-y, z-0.5; b x, 
\-y, z-0.5;cx-\,y, z;d \+x,y, z;ex, 1-少，0.5+z; f 1+x，\-y, 0.5+z. 
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Along the b direction, the contents in the ca plane are arranged in the infinite 
sequence: silver baskets, nitrate ions, silver baskets, organic ligands,….As shown in 
Figure 2.2.3 and 2.2.4，the phenyl rings are interlaced by 60® and stacked alternately, 
forming face-to-face tc…tt interaction (centroid-to-centroid distance 3.595A) along the 
c direction. Alternatively, adjacent layers containing the n stacks are linked via 
silver-iodo interaction and bridged by nitrate anions attached to silver baskets: each 
iodine atom interacts with two vertices belonging to silver baskets in adjacent layers, 
and the linkages of nitrate anions occur mainly between silver baskets that are aligned 
head-to-head. In this manner, a three-dimensional network built by nitrate linkages is 
stabilized through the formation of silver"iodo and tt…兀 interactions. 
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Linkage of nitrate ions 
n s t a c k 
买 P H . ! 
Figure 2.2.3. A single layer in the crystal structure of complex 2.2 viewed along 
the a axis. Hydrogen atoms are omitted for clarity. 
L i n k a g e o f n i t r a t e i o n s 
Figure 2.2.4. Unit-cell content of complex 2.2. Hydrogen atoms are omitted for 
clarity. Only those nitrate anions that bridged the silver baskets are included. 
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2.3 Crystal Structure of 




Figure 2.3.1. Metal-ligand bonding in 2.3. All hydrogen atoms, acetonitrile 
molecules, trifluoroacetate anions (except one contains F19) and water molecules 
are omitted for clarity. Selected bond lengths[A]: C1=C2 1.193，C9=C10 1.218(9). 
C…Ag: 2.089 ( C l - A g l ) to 2.988 (C2...Ag4)，Ag".Ag: 2.920 (Ag4…Ag6) to 3.200 
(Ag4...Ag6). Symmetry code: ax,y-\,z . 
In complex 2.3, two parallelly aligned 3,4-dichlorophenylethynide ligands are 
inserted into separate Ags baskets by adopting the ri^ t \ \ and [u-vj^, 
V ligation modes. The silver baskets share one edge to give an Agg aggregate, and 
such aggregates are anchored and stabilized by trifluoroacetate anions. (Figure 2.3.1) 
The Ag8 aggregates are further connected together by sharing type Ag5...Ag6 edges 
(3.200A) to form a silver chain (Figure 2.3.2). Two types of face-to-face 兀…71 
interactions occur between neighboring phenyl rings to form a zigzag stack alongside 
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the extended silver chain. The distances between the ring centroids are 3.999A and 
3.899A (average inter-plannar distance: 3.63人 and 3.71 人，respectively). 
— b 
Figure 2.3.2. Extension of silver chain along the b direction. All hydrogen atoms, 
acetonitrile molecules, and trifluoracetate anions are omitted for clarity. Some 
carboxylage groups are preserved to reveal the anchorage of Ag3 atoms. Symmetry 
code: diX,y-\,z\ hx,y+\,z. 
As shown in Figure 2.3.2, independent atom Ag3 alone lies outside the silver 
basket and is anchored by a type 114-0,0,0',0' (03-04) and a type 113-O, O • (05-06) 
trifluoroacetate groups with further stabilization by argentophilic interaction 
(Ag3...Ag2 3.080人).Weak inter-chain silver-chloro interaction between Ag3 and 
Cll (Ag3...Cll 3.287A) occurs in the c direction to generate a supramolecular layer, 
and inter-layer F…CI interaction, (F19-C13 3.217A) in the a direction leads to a 3D 
supramolecular framework. (Figure 2.3.3). 
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Figure 2.3.3. Packing diagram of 2.3 viewed along b direction. The 
trifluoroacetate anions containing F19 are displayed, as well as the carboxylate 
groups of the anions containing C25. Other anions, hydrogen atoms and 
acetonitrile molecules are omitted for clarity. Symmetry code: a jc, -y, z-0.5; b 
x-O.S, 0.5-_y，z-0.5; c x-0.5, 0.5+;^, z; d x, 1+;；, z . 
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2.4 Crystal Structure of 
4AgCECC6H4Cl_3.6AgC2F5C00.5CH3CN (2.4) & 
4AgC=CC6H4Br-3-6AgC2F5COO-5CH3CN (2.5) 
CI3 
Figure 2.4.1. Molecular packing in 2.4(a) and 2.5(b). All hydrogen atoms, 
acetonitrile molecules and trifluoromethyl moieties of CFaCOO" are omitted for 
clarity. Selected bond lengths [A], (a): C1=C2 1.204，C9=C10 1.210，C17三C18 
1.193’ C25三C26 1.201，O.Ag: 2.126-3.021, Ag-Ag: 2.882-3.237. (b): CI三C2 
1.203，C9=C10 1.203，C17=C18 1.196，C25=C26 1.220. C…Ag: 2.136-3.010, 
Ag-Ag: 2.852-3.261. Symmetry code:(a) a \-x, 2-y, -z; b \-x, \-y, 1-z; (b) a 1-jc, 
\-y, -z; b \-x, -y, 1-z . 
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Figure 2.4.2. Extension of silver chain in 2.4 and 2.5. All hydrogen atoms, 
acetonitrile m o l e c u l e s and trifluoroacetate anions (except one contains F8 in (b)) 
are omitted for clarity. Symmetry code: (a) a 1-x, 2-y, -z; b \-x, \-y, 1-z. (b) a 1-x, 
l-_y，-z; b \-x, -y, 1-z. 
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Figure 2.4.3. Weak halogen-halogen interactions in the crystal structure of 2.4(a) 
and 2.5(b). Symmetry code: (a) a 1-x, \-y, 1-z. (b) a \-x, -y, 1-z; b \+x, y, z; c 2-x, 
-y, 1-工 
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Complex 2.4 and 2.5，which contain the 3-chlorophenylethynide and 3-bromo-
phenylethynide ligands, respectively, have similar structures but are not isomorphous 
to each other. In each structural unit (Figure 2.4.1), four parallel-related ethynides are 
inserted into four Ags baskets by adopting rj^rj^ r|', r|'(C9=C10 and C17=C18), 
^5- n2’ V，V，V(C25三C26) lis- V’ V’ V’ V (C1eC2) (2.4), and ^5- n'，!]"，V, 
iV(C17三C18)，^15- Ti^  iV，iV(C1eC2 and C9=C10) and 阶 i i 】 ， ” i ， 
(C25eC26) ligation modes (2.5). By sharing edges, the Ags baskets are further united 
to form a chain fragment. Four phenyl rings in each fragment are aligned on the same 
side of the silver chain and stacked via weak face-to-face n—n interactions. Each 
fragment and its inversion-related neighbours share three Ag--Ag edges to generate an 
infinite silver chain.(Figure 2.4.2) Notably, the linkage between such fragments in 2.5 
is enhanced by anion".71 interactions: closest contacts ^/(F8...C3) = 3.111A and 
flf(F...centroid) = 3.220A, but no counterpart is found in 2.4. 
In both structures, web-like layers are formed, via linking the silver chains by 
halogen...halogen interactions (Figure 2.4.3). The halogeir-halogen interactions[30'3i] 
happen between the CI or Br atom at the meta position of the ethynide moiety and 
fluorine atoms of CF3COO- anions: ^/(C13-F16) = 3.197A (2.4)，^/(Br卜.FIS)= 
3.I8OA (2.5). Distances between the halogen atoms are close to the sums of their van 
der Waals radii. It is interesting that in 2.3, the C l - F interaction also occurs between 
the meta chlorine atom and the fluorine atom of a CF3COO" anion. 
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2.5 Crystal Structure of 
2 A g C ^ C C 6 H 4 C l - 2 • 4 A g C F 3 C O O • N C ( C H 2 ) 4 C N ( 2 . 6 ) & 
2AgC三CC6H4CI-2 . 4AgCF3COO • 2CH3CN (2.7) 
l5a C30a 
Ag5 
Figure 2.5.1. (a) Coordination geometry of complex 2.6 (thermal ellipsoid 50%). 
All trifluoroacetate ions, hydrogen labels and disordered groups are omitted for 
clarity. Selected bond lengths [A]: C1=C2 1.217，C9=C10 1.224, CI…Ag2 2.270, 
CI…Ag4 2.740，CI…Ag5 2.193, C 卜 姆 2.249, C l -Ag5a 2.626, C2".Ag6 
2.602，C2-Ag5a 2.916，C9."Agl 2.236，C9...Ag2 2.748，C9...Ag3 2.211, 
C9...Ag4 2.285, C9...Ag3b 2.532, ClO-Agl 2.687, Cll…Ag6 3.191’ C12…Agl 
3.404, Agl...Ag3 3.093，Agl...Ag4 3.299，Ag2…Ag3 3.190, Ag2-Ag4 2.919’ 
Ag2…Ag5 2.810，Ag3...Ag3b 2.832, Ag3...Ag4 2.780, Ag4…Ag5 3.234, 
Ag5-Ag6 3.078, Ag5-Ag5a 2.808，Symmetry code: a \+x, y, 1+z; b -x, \-y, l-z . 
(b) Ag...Cl...F interaction. 
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Figure 2.5.2. (a) Formation of silver column in complex 2.6. Symmetry code: a 
\-x, 1-少，1-z; b -X, 1-少，1-z. (b) The 2D structure of 2.6. Symmetry code: a -x, \-y, 
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Figure 2.5.3. (a) Coordination geometry of complex 2.7 (thermal ellipsoid 50%). 
All CF3 moieties of trifluoroacetate ions, acetonitrile molecules and hydrogen 
labels are omitted for clarity. Selected bond lengths [A]: C1=C2 1.219, C9=C10 
1.226, C l - A g l 2.167，CI…Ag2 2.320，CI…Ag4 2.580，CI…Ag5 2.318， 
C l - A g l b 2.608，C2...Ag2 2.982, C2-Ag4 2.937，C2...Ag5 2.850, C2...Aglb 
2.959, C9-Ag2 2.778, C9...Ag3 2.180, C9...Ag4 2.397, C9…Ag6 2.297, 
C9...Ag3a 2.599, C10...Ag6 2.618, C10...Ag3a 2.983，C12…Ag6 3.280, Agl…Ag2 
2.908，Agl…Ag4 3.123，Agl…Ag5 2.988，Agl-Aglb 2.862, Ag2…Ag3 3.160， 
Ag2…Ag4 3.011，Ag2…Ag5 3.236，Ag3-Ag4 2.804, Ag3-Ag6 3.134，Ag3-Ag3a 
2.818. (b) Formation of silver column in 2.7. Symmetry code: a \-x, \-y, 1-z; b 
2-x, l-y, 1-z. 
In the structural units of the two complexes, two parallelly related ethynide 
ligands are inserted into Ags baskets by adopting the 115- r(^,r\\ r|', r | \Cl=C2), [1$-
V, V，V，V(C9三CIO) (2.6) and the 1^5- ”“，！！之，^:’ i^s- n'，if，V， 
r|i(C9三CIO) (2.7) ligation modes, with n—n interactions occurring between the phenyl 
3 4 
Figure 2.5.4 The 3D structure of 2.7. Symmetry code: a 1-x, \-y, 2-z; b x, \+y, z. 
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rings: the centroid-to-centroid distances are 3.928A (2.6, average inter-plannar 
distance: 3.58A) and 3.942A (2.7, average in ter-plannar distance: 3.54A), (Figure 
2.5.1 and Figure 2.5.3(a)) Both silver...chloro interaction and chloro.-.fluoro 
interaction are observed in complex 2.6 (Ag6...Cll: 3.191人，Ag7…Cll: 3.006A, 
Agl".C12: 3.404A, C12…F12: 3.165A. Ag7 and Ag6 together represent a disordered 
silver atom with Ag6:Ag7 = 13:12.). The distance between Cll and Ag6/Ag7 is 
significantly smaller than the sum of their van der Waals radii by 0.3人 to 0.5人， 
indicated a strong silver...halogen interaction. On the other hand, both silver—chloro 
and chloro.-.fluoro short contacts occur at C12, which has never been observed in our 
previous works. In 2.7，only silver-chloro interaction is observed: C12…Ag6 3.280A, 
indicating a moderate-strong silver—halogen interaction. 
In complex 2.6, two adjacent inversion-related structural units share argentophilic 
bonds (Ag3...Ag3b and Ag5".Ag5a) to form a silver column in the a direction, and 
such columns are further expanded to a two dimensional supramolecular structure via 
the linkage of adiponitrile molecules, as shown in Figure 2.5.2. In 2.7，a silver 
column parallel to a axis is similarly formed (sharing edges Agl".Aglb and 
Ag3...Ag3a) (Figure 2.5.3(b))，which is expanded into a three-dimensional 
supramolecular structure via the formation of two hydrogen bonds: C5-H5-F18 
(C5...F18: 3.274A) and C28-H20…07 (C28…07: 3.236A)[27]’ as shown in Figure 
2.5.4. 
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2.6 Crystal Structure of 
AgC^CC6H4F-2 . 2CF2(CF2COOAg)2. 2CH3CN (2 .8) 
F5 If4 
� 
Figure 2.6.1. (a) Coordination geometry and atom labelling of 2.8. Labels of 
hydrogen atoms are omitted. Selected bond lengths[A]: C1=C2 1.223，Cl-Agl 
2.297, CI…Ag2 2.513, Cl...Ag3 2.257, C l - A g 4 2 .301，Cl-Agla 2.554， 
C2-Ag2 2.609，C2-Agla 2.671, Agl…Ag2 2.915, Agl...Ag3 2.901, Agl...Ag4 
2.829, Agl…Agla 3.012，Ag3...Ag4 2.876, Ag2…F13 3.106, 05...Ag5 2.622, (b) 
Showing the Agg aggregate and halogen…tc interactions. Symmetry code: a -x, \-y, 
1-z. 
In complex 2.8，the 2-fluorophenylethynide ligand is connected to a 
9 1 1 
butterfly-shaped Ags basket by adopting the |i4-r| ,r| ,r| ,ri ligation mode (Figure 
2.6.1(a)). The lone Ag5 atom is coordinated linearly by two acetonitrile ligands and a 
carboxylate oxygen atom: Ag...O (2.622 人 ) . O n e of the two independent 
3 6 
perfluoroglutarate dianions adopts a bent conformation to anchor on the Ags basket, 
while the other one is fully extended. A close contact between F13 and Ag2 is 
observed at 3.106A, approximately the sum of their van der Waals radii. 
Via sharing one edge (Agl—Agla), two inversion-related Ags baskets form an 
Ag8 aggregate. A h a l o g e m interaction (Figure 2.6.1(b)) is observed between F3 and 
the centroid of the phenyl ring belonging to an inversion-related unit (F3—centroid: 
3.292人；closest F…C contact: F3a…C7 3.35lA)[25] The centrosymmetric Ags 
aggregates are further linked by bent pentafluoroglutarate dianions to form a 
silver-organic chain along the a axis, in which each carboxylate group adopts the 
H2-O, O, Omode. Notably the F…Ag contact is also observed between fluorine and 
silver atoms of adjacent Agg aggregates: Ag3."Flc 3.044A, Ag4".F5c 2.915A. 
(Figure 2.6.2) On the other hand, along the b direction, the Agg aggregates are linked 
by unbent pentafluoroglutaric dianions to yield a two-dimensional metal-organic 
network. 
Figure 2.6.2. The bridging linkage of Agg clusters along the a direction. 
Acetonitrile molecules, Ag5 and the unbent dianions are omitted for clarity. 
Symmetry code: a -x, \-y, 1-z; b jc-l,^, z; c \-x, \-y, l-z . 
In the two-dimensional framework, the perfluoroglutaric dianions form a loop 
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Figure 2.6.3 Packing diagram of the complex 2.8. Hydrogen and fluorine atoms 
on phenyl rings are omitted for clarity. Symmetry code: a \-x, -y, 1-z; b -jc, -y, 1-z; 
c \+x, y, z . 
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structure, and the void space in the middle of it is filled by two linear Ag(CH3CN)2 
moieties oriented parallel to the c axis. The silver atom Ag5 of such a moiety is 
connected to the surrounding dianions via two weak Ag...O coordination interactions 
(Ag5…05 2.622A, Ag5…08 2.884A) and a C-H…F type hydrogen bond (CIO…F8 
3.296A) The Ag."F close contact is also observed between the ligand-unsupported 
silver atom and the perfluoro arm of the surrounding dianion: (Ag5."Fll 3.002A). 
Although this moiety does not serve as a bonding-linkage unit, it fills the 
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Figure 2.7.1. Coordination geometry in 2.9 (50% Thermal ellipsoids). All 
heptafluorobutyrate ions and atom 03W, 04W are omitted for clarity. Selected 
bond lengths [A]: C\=C2 1.199，C9=C10 1.230，CI7三CI8 1.221，C25=C26 1.230, 
Ag -C 2.109-2.836, A g - A g 2.895-3.217. Symmetry code: a \-x,y-0.5, 1-z; b -x, 
_y-0.5，2-z; c -X, >H-0.5, 2-z. 
2.9 was originally envisaged to be a supramolecular structure stabilized by 
nitro…silver interactions or coordinative bonds, but the result obtained is different 
from expectation: the rarely reported F…F in te rac t ion^ i s observed. Moreover, this 
is one of the rarely determined chiral structures (space group is 尸2(1)) among the 
compolunds reported in this thesis (the other is 3.10). 
As shown in Figure 2.7.1，the structural unit contains two parts. In each of them, 
two nitrophenylethynide ligands are inserted into Ags baskets in the same jxs- r\\ 
Tji, iV ligation mode. Each part contains a linear Ag(CH3CN)2 moiety which is 
connected to the silver baskets by a bridging water molecule and a nitro group via 
both covalent bonds and weak interactions (Agl3—OIW: 2.589人，Agl3…01: 2.631A, 
Agl -OlW: 2.363A, A g l - 0 1 : 2.806A; Agl4-02W: 2.606A, Agl4…07: 2.692A, 
Ag8-02W: 2.368A，Ag8...07: 2.860A). 
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In each part, the fragments and their inversion-related neighbours share Ag—Ag 
edges (Ag4...Ag5 and Ag3a...Agl2) to generate an infinite silver column (Figure 
2.7.2). Web-like layers are formed via F…F interactions (F26...F57d: 2.724A) between 
heptafluorobutyrate ions, which in our previous work were found between trifluoro 
methanesulfonate ions. Though the structural unit is chiral, no mirror or inversion 
operation (Figure 2.7.2) is involved in the formation of the layer. 
Ag4aiiAg5c 
Figure 2.7.2. Elongation of the silver column, F…F interaction and the web-like 
layers in 2.9. Acetonitrile molecules, solvent water molecules, non-relevant 
heptafluorobutyrate ions and atoms (Agl3，Agl4) are omitted for clarity. Symmetry 
code: a -;c,少-0.5，2-z; b -x, 0.5+_y，2-z; c x-\,y-\, z; d -x，少-0.5，1-z; e x, y, 1+z; f x, 
少-1’ 1 +二 
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2.8 Summary 
We have synthesized eight silver(I) halophenyl ethynide complexes bearing the 
supramolecular synthon Rx-C=C=)Ag„ = 4, 5; X = halophenyl substituent). Strong 
silver—iodo interactions in two of the structures play important roles in constructing 
high-dimensional coordination networks, while in the other five, silver—chloro 
interactions and chloro…fluoro，bromo—fluoro interactions are observed. The 
silver—iodo contacts in crystals are significantly shorter than those of silver...chloro 
and silver…fluoro, indicating that the silver"iodo interaction has greater strength, 
since the van der Waals radius of iodine is much larger than those of the other two (I: 
196pm, CI: 180pm, F: 140pm). 
It is notable that, in 2.1 and 2.2, the ligation mode of ethynide ligands toward 
silver baskets is 1x4-, but the 1^5- mode is not observed, though they are common in our 
previous studies. Moreover, the ratios of ancillary ligands to the ethynide ligand are 
also smaller than expected.[丨呂]This is probably due to the significant strength of the 
silver..iodine interaction, the 1x2-/ ligation mode, and the rigidity of the iodophenyl 
ligand which together account for little accessible void space for the accommodation 
of ancillary ligands. A better understanding of the silver".halogen interactions on the 
structure of coordination networks needs to be further investigated. 
Within the limited number of these complexes reported here, all halogen atoms at 
the para position of the phenyl ring are observed to form silver-halogen interactions, 
while those at the meta position all form halogen (CI, Br)-fluoro interactions. This is 
an interesting phenomena unnoticed in the past. On the other hand, ortho chlorine 
atoms form moderate to strong silver...chloro interactions due to their relatively close 
location to the silver baskets, (2.6 and 2.7) and for the same reason, they are not 
involved in the formation of higher dimensional structures. 
The silver...fluoro close contacts observed in 2.8 are different from our 
expectation: The ortho fluorine atom on the phenyl ring is not directly involved in the 
construction of the coordination network by forming a silver...fluoro close contact, 
despite its relatively close location to the ethynide group where is closer to the silver 
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basket. However, the strong electron-withdrawing atom fluorine on the phenyl ring 
eases the formation of the charge-induced F…兀 interaction. On the other hand, though 
silver••fluoro close contact in the range of the adduct of van der Waals radii is not 
well-recognized due to too few reports, it is unusual to observe so many these 
contacts in one structure, indicated its potentially important role in the stabilization of 
coordination network. 
The one-dimensional silver column in 2.9 is similar to those in 2.6 and 2.7: both 
of their neighbouring fragments are inversion-related, and are stabilized by functional 
groups at the ortho position of phenyl rings via forming silver...halo interactions or 
covalent bonds. On the other hand, the silver…fluoro close contact and fluoro...fluoro 
interaction observed in 2.8 and 2.9 are attributable to the presence of perfluoro 
carboxylate ligands, rather than a fluorine substituent on a rigid phenyl ring. This may 
indicate the greater feasibility of importing fluoro-relevant weak interactions by using 
perfluoro carboxylate ligands rather than rigid fluoro-substituted phenyl ethynides. 
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Chapter 3. Network Assembly with the 
Supramolecular Synthon System 
Rx-C=Cz)Ag^ ( = 3 to 5； Rx = nitrophenyl) 
This chapter covers the synthetic and structural studies of ten silver(I) complexes 
bearing the 2-nitrophenylethynide or 4-nitrophenylethynide ligand: 
AgC三CC6H4NO2-2 • SAgCiFsCOO . 2CH3CN (3.1) 
AgC=CC6H4N02-4 . SAgCzFsCOO . CH3CN (3.2) 
3AgC=CC6H4N02-4 • 4AgCF3COO • 2CH3CN (3.3) 
AgC三CC6H4NO2-4 • SAgCFsCOO . CH3CN . 0.5NC(CH2)4CN (3.4) 
AgOCC6H4N02-4 . 3AgC2F5COO . 2CH3CN (3.5) 
AgC=CC6H4N02-4 . SAgCiFsCOO . CH3CN . NC(CH2)4CN (3.6) 
4AgC=CC6H4N02-4 • ‘AgCsFyCOO • 3CH3CN (3.7) 
3AgC三CC6H4NO2-4 . BAgCFsCOO . 3CH3CN (3.8) 
7AgC三CC6H4NO2-4 . ITAgCFsCOO . IICH3CN • H2O (3.9) 
AgC=CC6H4N02-4 . CF2(CF2COOAg)2 • AgCFsCOO . H2O (3.10) 
In these complexes the silver(I)…ethynide and silver(I)…nitro interactions are 
found in addition to the usual intermolecular interactions. The major structural 
features of nine complexes (3.1 - 3.9) are similar to those in argentophilic chains^'^'^'^, 
observed in our previous studies that employed a series of phenylethynide ligands. As 
expected, the nitro group takes part in the construction of the metal-organic 
framework, which is stabilized by the presence of other weak intermolecular 
interactions. 
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3.1 Crystal Structure of 
AgC三CC6H4NO2-2 . 3AgC2F5COO . 2CH3CN (3.1) 
Figure 3.1.1 Atom labeling and coordination environment in the structure of 
complex 3.1 (50% thermal ellipsoids). Labels for hydrogen and fluorine atoms 
are omitted for clarity. Selected bond lengths[A]: C1=C2 1.209，Cl-Agl 2.180, 
CI…Ag2 2.446，CI…Ag3 2.335, CI…Ag4 2.377，Cl...Ag3a 2.746，C2-Ag2 
2.595, C2...Ag4 2.730，Agl-Ag2 2.953, Ag卜.Ag3 2.793’ Agl...Ag4 3.120’ 
Agl -Ag3a 3.076，Ag2…Ag3a 3.062’ Ag3…Ag4 3.084. Symmetry code: a 1-jc, 
1-少，-z. 
In the complex 3.1，as shown in Figure 3.1.1，the ethynide ligand is bound to an 
Ags basket in the fxs-ri^ , r [ , r)】，V mode. The silver basket is anchored by the 
carboxyl groups of pentafluoropropionate anions in which A g - A g distances vary 
from 2.793A to 3.120A, indicating the presence of argentophilic interaction. 
Two Ags baskets form a centrosymmetric Agg aggregate by sharing an edge 
(Ag3...Ag3b 2.876A), as shown in Figure 3.1.2(a). Moreover, adjacent Agg 
aggregates are bridged by pairs of inversion related |j,3-r|^,r|' carboxylate groups 
(05-06，05a-06a) and oxygen atoms (01 -Ag4a: 2.520A, 0 1 - A g 2 : 3.043A) 
belonging to nitro groups of the ethynide ligands to form a silver-organic infinite 
chain. This chain is further stabilized by the formation of anion—Ti interactions, as 
shown in Figure 3.1.2(b): the distances between two p-fluorine atoms (F6, F7) of a 
pentafluoropropionate anion and the centroid of an adjacent phenyl ring are 3.437A 
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and 3.328A, with corresponding shortest F…C distances of 3.1 l lA (F6...C3) and 
3.382 (F7—C5)A, respectively. There is another weak a n i o m interaction between 
F2b and the same phenyl ring: the F—centroid distance is 3.385)A and the distance of 
closest F…C contact is 3.451 A (F2b…C8). 
Figure 3.1.2. Connectionship between two Agg aggregates (a) in complex 3.1, and 
the intermolecular anion--7i; interactions(b). Hydrogen atoms, acetonitrile 
molecules, and non-relevant pentafluo propropionate anions are omitted for clarity. 
Symmetry code (a&b): a 2-x，1-少，-z; b \-x, \-y, -z; c \+x,y, z . 
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The silver-organic chains are further united through the inter-chain C-H…X (X = 
0，F) type hydrogen bonds between the phenyl ring and fluorine atom (C5-H5-Flla: 
3.307A) and oxygen atom (C6-H6…08a: 3.333A) of the pentafluoropropionate anions 
belonging to the adjacent silver chain to yield a 3D supramolecular structure, as 
shown in Figure 3.1.3. 
Figure 3.1.3. 3D supramolecular structure of complex 3.1. Symmetry code: a 
0.5+x, O.S-y, z-0.5. 
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3.2 Crystal Structure of 
AgC三CC6H4NO2-4 • 3AgC2F5COO • CH3CN (3.2) 
or 
C6 
'10 icie ^^ SVos c\o4 
8 ^ — 
Figure 3.2.1. Silver-ethynide coordination in complex 3.2 and atom labeling 
(50% thermal ellipsoid). Atom labels for hydrogen and fluorine atoms are omitted 
for clarity. Selected bond lengths[A]: CI三C2 1.230A, CI…Agl 2.267, CI…Ag2 
2.383, CI…Ag3 2.358, CI…Ag4 2.241, C l -Ag2a 2.565，C2...Ag3 2.410， 
C2-Ag2a 2.760, Agl...Ag2 2.859, Agl …Ag4 3.061，Ag2…Ag3 2.912, Ag2…Ag4 
2.830, Ag2."Ag2a 2.925, Ag3."Ag4 3.288. Symmetry code: a -jc, \-y, 1-z. 
As shown in Figure 3.2.1, the ethynide ligand is bound to an Ags pyramid in the 
1x5- r|2，t|2，r|i，V，V ligation mode. As shown in Figure 3.2.2，two inversion-related 
silver pyramids bearing their ethynide ligands form an Agg aggregate by sharing one 
edge (Ag2—Ag2a 2.925A). The Agg aggregates are associated by carboxylate groups 
adopting the fi4- ”)，r|' (07-08) and ^3- V (03-04) modes to give an infinite 
silver-organic chain along the a axis. 
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Figure 3.2.2. Formation of Agg aggregates, and the association of adjacent units in 
3.2. Non-involved pentafluoropropionate anions, C2F5 moieties of other C2F5COO' 
and acetonitrile molecules are omitted for clarity. Symmetry code: a 1-少，l-z; b 
l-x, \-y, l-z. 
The silver-organic chains are further cross-linked by inter-chain nitro-silver 
ligation to yield a 3D metal-organic framework: each Agg aggregate is connected to 
two others along the [Oil] direction by its nitro group terminals, and by nitro group 
terminals from two adjacent Agg aggregates along the [Oil] direction. The Ag-0 
distance here is 2.580A, which indicates that this nitro-silver contact is a significant 
bonding contact, rather than a weak intermolecular interaction. 
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� 
Figure 3.2,3. Silver-nitro linkage in complex 3.2. (a) Projection along the b 
axis, showing the linkage between two silver-organic chains. The non-relevant 
pentafluoropropionate anions and pentafluoroethyl moieties of other anions and 
acetonitrile molecules are omitted for clarity, (b) Projection along a axis, 
revealing the cross-linkage of silver-organic chains by Ag...O interactions to 
yield a 3D metal-organic framework. Symmetry code (shared): a -jc, \-y, 1-z; b 
1-jc, \-y, 1-z; c -X, 0.5+少，0.5-z; d x, \.5-y, z-0.5; e \-x, 0.5+少，0.5-2； f jc, 0.5-少, 
0.5+z; gx, 1.5-_y，0.5+z; h 0.5-2 . 
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3.3 Crystal Structure of 
AgC三CC6H4NO2-4 • 4AgCF3COO • 2CH3CN (3.3) 
A次 
Ag6双 O l X l 0 1 1 
�g3 
l»Ag7b 
！g8 N5 C27 
Figure 3.3.1. Coordination environment complex 3.3 and atom labeling (50% 
thermal ellipsoids). All trifluoroacetate anions (except 011-012) and hydrogen 
atoms on phenyl rings are omitted for clarity. Selected bond lengths[人]:C1=C2 
1.216, C9=C10 1.199，C17=C18 1.216 Cl."Ag7b 2.086, CI…Ag3 2.425, 
CI…Ag5 2.172, C2".Ag3 2.734, C2."Ag5 3.045，C9-Agl 2.114，C9…Ag2 
2.433，C9...Ag3 2.378，C10...Ag2 2.906, C10...Ag3 2.818，C17…Ag6a 2.081, 
C17-Ag2 2.429, C17...Ag4 2.165，C18…Ag2 2.753，C18...Ag4 3.207， 
Ag7b...Ag5 2.841，Ag6a...Ag4 2.839, Agl…Ag2 2.910，Agl…Ag3 2.937, 
Agl...Ag4 3.160，Agl...Ag6 3.269, Agl...Ag7 3.257, Ag2…Ag4 2.973， 
Ag2…Ag7 3.256, Ag3-Ag5 2.944’ Ag3-Ag6 3.183，Ag4…Ag6 2.839， 
Ag5…Ag7 2.841, Symmetry code: a \-x, 2-y, 2-z, b 2-x, 2-y, 2-z. 
The asymmetric structural unit of 3.3 (Figure 3.3.1) contains eight independent 
Ag(I) ions, of which Ag4 and Ag5 are located in adjacent centers of symmetry. Three 
4-nitrophenylethynide ligands (ClsC2, C9=C10, CI7三CI8) are bound to an Ag? 
aggregate in the unusual 113- V ligation mode.[28] The 4-nitrophenylethynide 






Figure 3.3.2. Formation of one-dimensional column in complex 3.3. (50% 
Thermal ellipsoids) (a) - projection along the c axis, (b) - projection along the b 
axis. Symmetry code: b 2-x, 2-y, 2-z, c \+x, y, z. 
The independent atom Ag8 is connected to the silver aggregate via bridging by a 
trifluoroacetate ion. Two acetonitrile molecules are attached on it to form an 
Ag(CH3CN)2 moiety (ZN-Ag-N = 156.8�). In the structure of complex 3.3, the linear 
Ag(CH3CN)2 moiety is utilized to connect three silver-organic columns. Besides 
being attached to a silver column through one carboxylate group (011-012) via the 
2 1 • • 
|i3- r|，r| mode, it is connected to another column through a weak nitro-silver contact: 
distance between Ag8e and 0 4 (nitro group) is 3.157A. Moreover, formation of a 
hydrogen bond between H25 (a-H of the acetonitrile moiety attached to Ag8) and 03 
(C26-H25…03: 3.266A) lead to another connection between the Ag(CH3CN)2 moiety 
and the third silver column (Figure 3.3.3). Through such weak interactions, 
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phenyl rings ((I): 3.862 A, (II): 3.913A). Such Ag7 aggregates are inversion-related 
with its adjacent units, by sharing two silver atoms (Ag4 and Ag5) in cross-embedded 
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compound 3.3 exhibits a three-dimensional supramolecular network. 
Figure 3.3.3. Crystal packing diagram of the complex 3.3 along the a direction, 
showing the linkage of silver chains through the Ag(CH3CN)2 moiety. Silver 
atoms and the carbon atoms of ethynide groups are shown as 35% thermal 
ellipsoid. Symmetry code: a x-0.5，1.5-y, z-0.5; \-x, 2-y, 1-z; c x, y, z-1; d 0.5+jc, 
1.5-少,z-0.5; e 1.5-x,y-0.5, 1.5-z; fx,y-l,z; g 1.5-z; h \-x, \-y, 1-z. 
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3.4 Crystal Structure of 
AgC三CC6H4NO2-4 . SAgCFsCOO . CH3CN . 0.5NC(CH2)4CN (3.4) 
(a) 
Figure 3.4.1. (a) Coordination environment in complex 3.4 and atom labeling. 
(50% thermal ellipsoid) CF3 moieties of trifluoroacetate anions and labels for 
hydrogen atoms are omitted for clarity. Selected bond lengths[人]:C1=C2 1.213， 
C l - A g l 2.406，CI…Ag2 2.217, C[. .Ag3 2.280, Cl...Ag4 2.467, C l - A g 2 a 
2.642, C 2 - A g l 2.475，C2...Ag4 2.852, Ag[. .Ag2 3.031’ Ag2...Ag3 2.818， 
Ag2."Ag4 3.034, Ag2…Ag2a 2.914，Ag3...Ag4 3.193. (b) The Agg aggregate. 
Symmetry code: a \-x, \-y, 1-z; b 2-x, 2-y, 2-z . 
As shown in Figure 3.4.1，in complex 3.4, the C1=C2 ethynide group is bound to 
an Ags pyramid in the fXs- rj^, r\\ r|' ligation mode. Two inversion-related Ags 
pyramids share one edge (Ag2...Ag2 2.818A) to give a Agg aggregate, which is 
further stabilized by argentophilic interaction (Agl—Ag3 3.193A). 
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Figure 3.4.2. Intermolecular interactions in complex 3.4. CF3 moieties of 
trifluoroacetate anions and some nitrophenyl groups of ligand are omitted for 
clarity. Symmetry code: a 2-x, 1-z; bx,y-\,z; c 2-x, 2-y, 1-z . 
As shown in Figure 3.4.2, linkage of such Agg aggregates through a type 
[ iy0 ,0 ,0 ' carboxylate group (07-08) and argentophilic interaction (Ag4...Ag4a 
2.864A) gives an infinite silver-organic chain along the a axis. Association of such 
chains through the ligation of adiponitrile molecules generates a 2D silver-organic 
network, (Figure 3.4.3(a)) which is further united through the weak interactions 
between Ag4 and 01 of the nitro group of phenyl ethynide ligand (Ag4".01b: 3.083A, 
Ag4."01c: 2.811 人）to yield a 3D supramolecular structure, which is stabilized by 
inter-layer hydrogen bonding (C7-H7…03: 3.244A) and edge-to-edge type tt- .t i 
interactions (C6a-C5a…C5b-C6b: centroid distance 3.419A). (Figure 3.4.3(b)) 





Figure 3.4.3. (a) Layer structure of 3.4 through linkage of adiponitrile ligands. (b) 
Inter-layer weak interactions between silver-organic chains, (c) Linkage of 2D 
metal-organic network to give the 3D supramolecular structure. Symmetry code: (a) 
a \-x, \-y, 1-z; b x-\,y-\, z-1; c 2-x, \-y, \-z. (b) a 2-x, 2-y, 1-z; b 2-x, 1-少，1-z. (c) a 
2-x, 2-y, 2-z; b \-x, 1-z; c xA,y-\, z-\', d \-x, \-y, 1-z; qx, y, \+z . 
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Figure 3.5.1. Molecule structure of complex 3.5. All hydrogen atoms, acetonitrile 
molecules are omitted for clarity. Selected bond lengths [A]: C1=C2 1.213, 
C l - A g l 2.340，Cl...Ag2 2.203，CI…Ag3 2.292, C卜.AgA 2.335, Cl...Ag2a 
2.810, C2...Agl 2.916，C2...Ag4 2.879，Agl-Ag2 2.985, A g l - A g 4 2.972, 
Ag2…Ag3 2.985, Ag2-Ag4 2.868，Ag2…Ag2a 3.068. Symmetry code: a l-jc，\-y, 
1-z. 
In complex 3.5，the ethynide ligand is inserted into a butterfly-shaped Ags basket 
in the fXs- V，V，mode. (Figure 3.5.1) Two inversion-related Ags baskets are 
united to form an Agg aggregate by sharing one edge (Ag2-Ag2a = 3.069A), as 
shown in Figure 3.5.2. Such Agg aggregates are further bridged by type 
carboxyl groups (05-06) along the a axis to form an infinite chain. Ag...F close 
contacts are observed between the units linked by carboxyl groups: F6b."Ag3 3.08lA� 
F6b-Agl 2.975A. 
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3.5 Crystal Structure of 
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Figure 3.5.2. Linkage between two Agg clusters in 3.5. All hydrogen atoms, 
acetonitrile molecules and the non-bridging pentafluoropropionate anions are 
omitted for clarity. Symmetry code: a \-x, \-y, 1-z; b 2-x, \-y, \-z . 
Nitro—phenyl type tt-.ti interaction is observed between two nitrophenyl ethynide 
ligands (02-centroid: 3.581A, closest contact 02."C7c: 3.785A) besides the 
occurrence of weak 兀…7t interaction between C=C double bonds (distance between 
the parallel C5-C6-•C6c-C5c is 3.784A). These n - n interactions assemble the silver 
chains to form web-like layers which are further united through the interlayer 
anion…兀 interaction between the phenyl ring and the fluorine atom (F13) on the 
endmost carbon of the pentafluoropropionate anion to give a 3D supramolecular 
structure. The closest F…C contact (F13a...C6) is 3.478A, while the distance from the 
fluorine atom to the phenyl ring centroid is 3.666A, indicated a moderate anion-7i 
interaction. (Figure 3.5.3) 
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Figure 3.5.3. 3D supramolecular structure (a) of 3.5 constructed by anion...7i and 
n…n interactions (b). 7t…7i Interactions between C5-C6 and C6c-C5c bonds are 
omitted in (a) for clarity. Symmetry code: a \+x, \+y, 1+z; b 2-x, 2-y, 2-z; c 2-x, 
2-z. 
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3.6 Crystal Structure of 








Figure 3.6.1. (a) Atom labeling and molecular structure of complex 3.6 (50% 
thermal ellipsoids). Labels for hydrogen atoms and C2F5 moieties of C2F5COO" 
are omitted for clarity. Selected bond lengths[A]: C1=C2 1.218, CI…Agl 2.227, 
Cl...Ag2 2.186, CI…Ag3 2.462，CI…Ag4 2.449, Cl...Ag2a 2.754, C2...Ag3 
2.904，C2...Ag4 2.588, Ag l -Ag2 2.780, Agl…Ag3 3.100’ Ag2-Ag3 3.195, 
Ag2…Ag4 2.908，Ag2".Ag2a 3.130. (b) The inversion-related silver baskets and 
ethynide ligands. Symmetry code: a -x, \-y, 1-z; b \-x, \-y, 1-z. 
In the crystal structure of 3.6，the ethynide moiety is bound to an Ags basket in 
1 1 1 
the \is-y\ , r| , T| , r| , r| mode. (Figure 3.6.1) Fusion of two inversion-related Ags 
baskets by sharing the Ag2—Ag2a edge generates an Agg aggregate. Such Agg 
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aggregates are further bridged by pairs of carboxyl groups and adiponitrile molecules, 
taking a U-shape coiled configuration to form an infinite chain. (Figure 3.6.2) 
Figure 3.6.2. Formation of one-dimensional chain in complex 3.6. Hydrogen 
atoms, acetonitrile molecules, irrelated pentafluopropropionate anions are omitted 
for clarity. Symmetry code: a \-x, \-y, l-z. 
The silver-organic chains are further united via three kinds of hydrogen bonds 
between the a-carbons of adiponitrile molecules (C22-H15-04a: 3.285A; 
C22-H16…06a: 3.151A; C19-H9...02 3.349A) and carboxyl groups, together with 
TT-Tt interaction between nitro groups ( N l - 0 2 b : 2.987人)[29], as shown in Figure 
3.6.3. Such linkage of silver chains yields a 3D supramolecular structure, as shown in 
Figure 3.6.4. 
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Figure 3.6.3. Hydrogen bonds and n—n interactions in complex 3.6. Symmetry 
code: a l-x, -y, \-z; b \-x, \-y, -z; c \-x, \-y, 1-z. 
Figure 3.6.4. 3D supramolecular structure of complex 3.6. Symmetry code: a l-;c, 
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Figure 3.7.1. Coordination environment in complex 3.7.(50% Thermal ellipsoids) 
All hydrogen atoms, acetonitrile molecules, and heptafluorobutyrate anions are 
omitted for clarity. Selected bond lengths[A]: C1=C2 1.216, C9=C10 1.223， 
C17eC18 1.223, C17三C18 1.222, C卜.Agl 2 .122 , CI…Ag3 2.437’ CI…Ag4 
2.430, CI…Ag8 2.507, C2...Ag4 2.950, C2...Ag8 2.598, C9...Ag2 2.114’ C9...Ag5 
2.387，C9...Ag6 2.389, C9".Ag8 2.348, C10."Ag6 2.582，CIO…Ag8 2.782， 
C17...Ag2 2.104, C17...Ag4 2.389, C17...Ag5b 2.437，C17...Ag7 2.394, C18...Ag4 
2.839，C18...Ag5b 2.874，C18...Ag7 2.668, C25-Agl 2.135, C 2 5 - A g 6 2.410, 
C25-Ag7 2.345, C25-Ag3a 2.365, C26…Ag6 2.670，C26…Ag7 2.847’ 
C26-Ag3a 2.807，Agl...Ag2 3.093’ A g l - A g 3 2.874，Agl …Ag4 3.202, Agl ...Ag6 
3.045, A g l - A g 7 2.951, A g l - A g 8 3.136, Agl...Ag3a 3.068, Ag2…Ag4 2.954, 
Ag2…Ag5 2.856, Ag2…Ag6 2.950，Ag2…Ag8 3.068，Ag2-Ag5b 2.954, 
Ag3...Ag4 2.922, Ag5-Ag8 3.285. Symmetry code: a -x, -_y�2-z; b l-;c, -y, 2-z . 
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3.7 Crystal Structure of 
4AgC=CC6H4N02-4 • ‘AgCsFyCOO . 3CH3CN (3.7) 
06 
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In this complex, four independent ethynide ligands are inserted into a Agio 
2 2 2 1 2 2 1 1 aggregate by adopting |i4-'n ,r\ ,t | and ,r| ,r| ,r| ligation modes. Adjacent 
ligands are oriented at an angular interval of 90°. (Figure 3.7.1) Such Agio aggregates 
are further connected together through vertex sharing to form an infinite silver column 
along the a axis. Moreover, these columns are stabilized through the \i3-0,0'0' 
carboxylate group (013-014) and argentophilic interaction (Agl...Ag3a�3.068 A), as 
shown in Figure 3.7.2. 
Figure 3.7.2. Elongation of the silver column along the a axis. All 
heptafluorobutyrate anions (Excepting 013-014) as well as acetonitrile groups, 
hydrogen atoms are omitted for clarity. Symmetry code: a -x, -y, 2-z; b \-x, -y, 
1-z, 
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Intra-molecular anion-7t interactions: F5...兀 3.235人，F16-7C 3.198A and F18a-7i 
3.147A (closest F…C contact are: F5...C3 3.291A, F16…C24 3.210A and F18…C12 
3.113人，respectively) are measured between the electron-deficient phenyl rings 
(because of the presence of the nitro group) and the perfluoro anions, as shown in 
Figure 3.7.3. Meanwhile, intramolecular F-nitrile type anion-7c interactions 
rF16-N6=C35 3.052A and F18a---C33=N5 3.074A) are also detected. The presence 
of these interactions anchors the long perfluoro chain and may reduce the 
intermolecular free energy. As shown in Figure 3.7.4, each silver chain is connected 
with each other by three types of moderately strong hydrogen bonds (F9d---C34, 
3.313A, 07C...C34�3.144A, and 04b…C38’ 3.394A) and the F…nitro interaction 
(F2...N4�3.033A) to from a three-dimensional supramolecular framework. 
(II) 
Figure 3.7.3. Intramolecular anion…兀 interactions in the complex 3.7. All 
hydrogen atoms and non-related heptafluorobutyrate anions and acetonitrile 
molecules are omitted for clarity. Symmetry code a -x, -y, 2-z . 
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a 
b 
Figure 3.7.4. 3D supramolecular structure formed from inter-chain interactions. 
(50% Thermal ellipsoids) All irrespective acetonitrile molecules, 
heptafluorobutyrate anions, and hydrogen atoms are omitted for clarity. Symmetry 
code: a 0.5-a:, 0.5+> ,^ 1.5-z; b -x, -y, 1-z; c ^-0.5, -0.5-y, z-0.5; d 0.5-x, ； -^0.5, 1.5-z; 
e 0.5-Jc, 0.5+> ,^ 2.5-z; f 0.5-x�_y-0.5, 2.5-z . 
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3.8 Crystal Structure of 
3AgC三CC6H4NO2-4 • SAgCFsCOO • 3CH3CN (3.8) 
Figure 3.8.1. Coordination environment in complex 3.8 with atom labeling (50% 
thermal ellipsoid). All hydrogen atoms, trifluoroacetate anions and acetonitrile 
molecules are omitted for clarity. Selected bond lengths[A]: CI三C2 1.219, 
C9=C10 1.215, C17=C18 1.218’ C卜.Agl 2.267, CI…Ag 2.079-2.984, Ag-Ag 
2.914-3.268. Symmetry Code: a l-x, \-y, 1-z; b -x, 1-少，1-z. 
As shown in Figure 3.8.1，three ethynide ligands protruding on the same side are 
bound to fragments of the silver aggregate in r\\ V (C9 三CIO and CI 7三CI 8) 
and 115-11^ , r|2, r|', r\\ V (CI三C2) modes. Edge-to-edge type 兀…兀 interaction is 
observed between C7-C8 and C12-C13 (centroid-to-centroid distance: 3.613A) on 
two of the adjacent phenyl rings. Meanwhile, the 0 3 - N l (3.200A, rvdw of O and N 
are 1.52人 and 1.55A, respectively) contact is a weak nitro-nitro interaction, in which 
the electronegative 03 points to the centre of the 兀-system of the other nitro group. An 
infinite silver column is generated along the a axis via binding the silver aggregates 
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Figure 3.8.2. The formation of infinite silver columns in 3.8. Only silver atoms 
and the ethynide ligands are preserved. (Thermal ellipsoids: 50%). 
Figure 3.8.3. 3D supramolecular structure of 3.8 (Thermal ellipsoids: 30%). All 
irrelated hydrogen atoms, acetonitrile molecules and all trifluoroacetate anions, 
silver atoms are omitted for clarity. Symmetry code: a -x, -y, 2-z; b jc, y, \+z. 
A 3D-supramoIecular structure is generated through two weak interactions in 
which the nitro group of the phenyl ethynide ligand is involved: (1) C-H -O type 
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hydrogen bond (C26b--02: 3.361A) between the nitro group and the a-carbon of 
acetonitrile molecule, and (2) nitro…nitro interaction between two nitro groups 
(04—N3a: 3.113A)[29]. These two types of weak interactions are distributed on the be 
plane and organize the silver columns to yield the 3D structure. (Figure 3.8.3) 
3.9 Crystal Structure of 
7AgC三CC6H4NO2-4 . IVAgCFsCOO • I ICH3CN • H2O (3.9) 
Figure 3.9.1. The column structure of 3.9 and its coordination environment. All 
hydrogen atoms, acetonitrile molecules, CF3 moieties of trifluoroacetate anions and 
a disordered part of C3-C8, N13, 04, 05 in minor portion are omitted for clarity. 
Selected bond lengths [A]: C=C 1.178(3) (C57=C58) to 1.251(6) (C25=C26); 
Ag-Ag: 2.815(1) (Ag["Ag9) to 3.281(2) (Agl…Agl9). Symmetry code: ax-l,y-l, 
In the crystal structure of complex 3.9, (Figure 3.9.1) a large column-like silver 
aggregate (consisting of 30 silver atoms) is formed via argentophilic linkage of seven 
small silver baskets, each of which contains 4-5 silver atoms. Fusion of the silver 
baskets via sharing of edges and vertices generates the infinite silver(I) column. 
Seven independent nitrophenylethynide ligands in each structural unit protruding 
on the same side of the silver column constitute a parallel periodic array, and each is 
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， 1 1 1 1 
ligated to the corresponding silver basket in the i^ s - r| , r| , rj , r) , t | (C 1 =C2- and 
C17三C18—) mode, r|2, 1^2，ri^ri '(C25=C26- C33=C34- C49=C50-) mode or the 
|i4 - r | 2 ， 〒 ， V (C41=C42- C57=C58-) mode. Edge-to-edge and 
centroid-to-centroid 7r..7t interactions are measured between adjacent phenyl rings 
along the silver column. Data for these 兀…兀 interactions are shown in Table 3.9.1. 
Table 3.9.1. Parameters for 7t…tc interactions in complex 3.9. 
Phenyl Dihedral Distance of closest bonds between Distance of centroids 
rings angle (。） phenyl rings(A)/ bond between phenyl rings 
1 - 2 5.8 3.235 (CI0-C11/C23-C24) 4.296 
3 - 2 4.2 3.492(C23-C24/C31-C32) 3.835 
4 - 3 5.6 3.420(C31-C32/C39-C40) 3.937 
5 - 4 16.2 3.584(C44-C45/C39-C40) 3.903 
6 - 5 29.1 3.794(C47-C48/C52-C53) 4.184 
7 - 6 26.1 3.648(C63-C64/C55-C56) 4.141 
1 -7a 14.3 3.412(C4-C5/C63a-C64a) 3.956 
Table 3.9.2. Selected hydrogen bonds in complex 3.9 
No. Bond 4C-H)/A £/(H-0)/A "(C …N)/A Angle 0 
1 C23-H23 …05 
0.930 
(Idealized) 
2.335 3.246 166.4 
2 C63-H63 …08 2.523 3.394 156.1 
3 C39-H39 …015 2.344 3.265 170.5 
4 C47-H47 …014 2.492 3.335 150.9 
5 C31-H31 …OlO 2.277 3.181 163.9 
In the ab plane, the nitrophenyl ethynide ligands are associated in head-to-head 
fashion through forming C-H -O type hydrogen bonds between the nitro group and 
the nearby phenyl ring. (Figure 3.9.2 and Table 3.9.2) Association of silver-organic 
chains in such zigzag manner yields a 2D supramolecular structure, in which the 
organic layer is sandwiched between silver chains, as shown in Figure 3.9.3. 
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(b) 
Figure 3.9.2. Hydrogen bonds in complex 3.9. Acetonitrile molecules, CF3COO" 
anions and Ag31 are omitted for clarity, (a) and (b): Hydrogen bonds between 
individual chains. Symmetry code: a 2-x, 2-y’ -z; b \-x, l-y, -z; c \-x, 2-y, -z. 
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� 
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(c) 
Figure 3.9.2. (c) Zigzag linkage of hydrogen bonds in 3.9. Symmetry code: a 1-x, 
2-少，-z; b \+x,y, z; c \-x, 2-y, -z . 
2D Hydrogen-bonded layers Si lver c o l u m n s 
Figure 3.9.3. Molecular packing in the crystal structure of 3.9. Green balls 
represents silver columns, while red-blue balls represent layers of nitrophenyl 
groups connected by hydrogen bonds. No bonding or weak interaction exists 
between the silver centers in adjacent columns. 
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3.10 Crystal structure of 
AgC三CC6H4NO2-4 . CF2(CF2COOAg)2. AgCFsCOO . H2O (3.10) 
Figure 3.10.1. Coordination environment in complex 3.10. Fluorine atoms on 
the hexafluoroglutarate ion and CF3 moiety of the CF3COO' ion are omitted for 
clarity. Selected bond lengths[A]: CI三C2: 1.217, C l - A g l 2.621, C卜.Ag2 
2.142，C卜.Ag4 2.305，C卜.Ag5 2.192，C2...Agl 2.598, C2...Ag4 2.764, 
Agl…Ag2 2.994，Ag2…Ag3 3.260，Ag2…Ag4 2.939，Ag2…Ag5 2.736, 
Ag4…Ag5 3.343. 
Complex 3.10 belongs to the chiral 户3221 (trigonal, No. 154) space group. As 
shown in Figure 3.10.1, in this structure, the ethynide group C1=C2 is bound to an 
2 2 1 1 
Ag4 basket in the 1x4-11 , ，，"H mode. The Ag4 basket is anchored by the 
carboxylate groups of perfluoroglutarate and trifluoroacetate ions. 
According to the 户3221 space group table, h spiro axes normal to the ab plane 
are located at the four vertices and the two trisection points (longer digonal) of the 
cell edge, around which left-handed helixes are formed: via the formation of two 
argentophilic bonds (Ag3-Ag2, Ag3-Ag2a) and sharing Agl vertices, the Ag4 
baskets are arranged helically around a spiral axis. Each loop of such helix contains 
six Ag4 baskets. The argentophilic skeleton of the helix is further consolidated via 
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Figure 3.10.2. (a) Ligation modes of perfluoroglutarate ions in a loop unit of the 
argentophilic helix in 3.10. Symmetry code: a 2-x, \-x+y, b 2-y, l+x-少,z-Vs； 
c \+x-y, 2-y, V3-Z. (b) Two continuous loop of the helix. All hydrogen atoms, 
trifluoroacetate ions, fluorine atoms on the perfluoroglutarate ions and 01W are 
omitted for clarity. Bold solid lines are applied to A g - A g bonds to highlight the 
skeleton of the helical structure. 
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Figure 3.10.3. (a) Projection of an argentophilic 32 helix in 3.10 along the c axis, 
(b) Six neighboring helices connected to the one in the center. All 
perfluoroglutarate ions, trifluoroacetate ions, hydrogen atoms and 01W are 
omitted for clarity. Bold solid lines are applied to Ag-Ag bonds to highlight the 
skeleton of the helical structure. The symbol ‘ • represents a 32 axis. 
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Each argentophilic helix is further connected to six neighboring helices through 
the bridging of trifluoroacetate ions (08) and perfluoroglutarate ions (04) and the 
formation of silver-nitro bonding (02-Ag5: 2.562A) to give a three-dimensional 





Figure 3.10.4. The inter-helix connection in 3.10. The CF3 moieties of 
trifluoroacetate ions, all hydrogen atoms and 01W are omitted for clarity. Bold 
solid lines are applied to Ag-Ag bonds to highlight the skeleton of the helix 
structure. Symmetry code: a 2-x, b l + x � _ y � z ; c 2-y, \+x-y, Z-V3. 
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3.11 Summary 
In ten new silver(I) complexes, the relatively invariant 104 and ligation modes 
(only 3.3 excepted) of the ethynide ligand are in agreement with our previous results 
and affirm the utility of the supramolecular synthon Rx-C三C�Ag„ {n = 4，5) ligand in 
coordination network chemistry. 
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Scheme 3.11.1. Unusual weak interactions about nitro group observed in our 
experiment. 
In this chapter, silver...nitro interactions or silver-nitro bonds have been shown to 
be significant in silver-ethynide supramolecular chemistry. Although an infinite silver 
chain is the dominant structural feature, higher dimensional metal-organic 
frameworks are generated via nitro…silver interactions/bonds and other weak 
interactions. The nitrophenyl group also exhibits its ability to form intermolecular 
interactions such as anion…tt interaction, 7r"7c interaction as well as the C-H…O type 
hydrogen bonds to enrich its utility in the present supramolecular synthon system. 
(Scheme 3.11.1) 
The influence of nitrile ligands, especially acetonitrile, shall be further studied. 
The complexes 3.2 and 3.5 are only differentiated by one acetonitrile, but nitro-silver 
interaction/bonding is not observed in 3.5. In our experiment, acetonitrile is added to 
increase the solubility of silver salts bearing the organic anion. But the nitro…silver 
interaction is usually absent in crystals obtained in the presence of abundant 
acetonitrile. As adiponitrile has a stronger ligation ability to silver(I) than acetonitrile, 
it can be concluded that nitrile-silver ligation is stronger than nitro-silver ligation. On 
the other hand, the Ag(CH3CN)2 moiety is detected twice in our study (2.8 and 3.3) 
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Scheme 3.12.1. Examples of rotatable and flexible ethynide ligands proposed 
future work. 
in 
We have successfully introduced rigid halophenyl and nitrophenyl ethynide 
ligands (especially 4-nitrophenylethynide) into our supramolecular synthon system 
Rx-C三C�Ag„ (n = 4，5) with halo- and nitro-involved weak intermolecular 
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and plays an indispensable linkage or space-filling role while other stronger 
interactions are absent. The conditions leading to the formation of such moiety and its 
further structure enhancement role shall be a part of our future work. 
Complex 3.10 was originally designed to incorporate Ag2C4 moiety into the 
crystal structure of the nitrophenylethynide synthon. Although being unsuccessful, but 
its high symmetry and helical argentophilic structure is never found in the 
phenylethynide synthon series of our previous work. 3.10 is also the only structure 
contains two different carboxylate ions (excludes betaine-type inner salts) among the 
structure of phenylethynide series. The influence of the presence of bi-carboxylate 
system and Ag2C4 plus silver phenylethynide in concentrated Ag' solution maybe 
further studied via applying it to other ethynide ligands. 
3.12. Further Development 

















Chapter 3. Rx~C三C=)Ag„ ( ^ = 3 to 5; Rx = nitrophenyl) 
interactions. To perform further investigation in this area, a feasible method is to use 
longer rotatable carbon-rich ligands bearing specified functional groups (P1-P3, 
Scheme 3.12.1) and phenyl ethynide ligands with a functionalized 'suspender' 
(P4-P6, Scheme 3.12.1) which may lead to the investigation of coordination modes 
of uncharged 'in-between' ethynide moieties and anion…tc plus silver..functional 
interactions, respectively. The successful employment of ligands with flexible 
propargyl pendant arms[24] is supportive for introducing these rotatable or flexible 
ethynide ligands in to our supramolecular synthon system. 
3.12.2 Incorporating More Ethynide Ligands into One Compound 
Another worthwhile research objective is to synthesize complexes comprising 
more than one ethynide (phenylethynide or phenylethynide + acetylenediide 
/butadiynediide) ligands. The use of additional ethynide ligands bearing different 
functional groups will lead to much more diversified intermolecular interactions, and 
is expected to generate interesting structures. 
To obtain a complex containing two or more water-insoluble silver salts is 
relatively difficult. Up to now, only two silver complexes^彳卩⑴]of this type have 
been synthesized in our group: 
2Ag2C2 • 3AgCN • ISAgCFjCOO • 2AgBF4 • 9H2O . 
(Et4N)3[(Ag2C2)2 (AgCN) (AgCFaCOO),! (CFsCOO);此0)6 ] . 
One of the difficulties is that crystals are easily obtained from a multi-ethynide 
Agi solution, but into which only one ligand is incorporated: this is likely due to the 
large difference in their solubilities. Therefore, up to now, the generation of such 
complexes still provides a challenge for designing synthetic strategies. 
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4.1 Synthesis 
Acetonitrile, methanol and triethylamine are purified according to standard 
procedures, all others are purified not as commercially obtained. Infrared spectra were 
obtained from KBr pellets on a Nicolet Impact 420 FT-IR spectrometer in the 
400-4000 cm'' region. 
All chemicals are used as received from Aldrich® with no further purification, 
degassing and desiccation are not performed for solvents of A. R. grade. Ag2C4 is 
prepared according to our previous methodJ'^ 20] 
[AgC=CC6H4l-4]„: (4-Iodophenylethynyl)trimethylsilane ( l .OOg�3.33mmol) is 
dissolved in a mixed solvent of 20mL acetonitrile, 2mL triethylamine and 40mL 
methanol, to which added subsequently lOmL acetonitrile solution dissolving silver 
nitrate (0.623g, 3.66mmol). White precipitation formed immediately. After stirring for 
10 hours, the crude polymer is filtered off and washed with 20mL acetonitrile, lOmL 
diethyl ether and lOmL distilled water trice and then stored under -10°C remained wet 
form. Yield: 84% (based on TMS-CsCPhI-4). IR: v = 2034 cm"' (w, vc式). 
[AgCsCC6H4N02-2]„: 2-NitrophenylacetyIene (l.OOg, 6.80mmol) is dissolved in a 
mixed solvent of 60mL acetonitrile and 4mL triethylamine. Then a lOmL of 
acetonitrile solution of silver nitrate (1.20g, 7.06mmol) is added. Yellow precipitation 
formed immediately. After stirring for 10 hours, the polymeric crude salt is filtered off 
and washed with 20mL acetonitrile and lOmL distilled water trice and then stored 
under -10°C remained wet form. Yield: 65% (based on HCsCPhN02-2). IR: v = 2027 
cm'' (w, vc式).Similar synthetic procedures are applied on the preparation of other 
crude polymeric silver salts: 
79 
Chapter 4. Experimental 
[AgOCC6H4N02-4�„: Yield: 85%, IR: v = 2042 cm] (w, vc^c) 
[AgC=CC6H3Cl2-3,4]„: Yield: 80%, IR: v = 2026 cm"' (w, vc式） 
[AgCsCC6H4Cl-3]„: yield: 80%, IR 
[AgC=CQH4Cl-2]„: yield: 60%, IR 
[AgCsCC6H4Br-3]„: yield: 82%, IR 
v = 2010 cm" (w�vc式） 
V = 2050 crrfi (w, vc=c) 
V = 2025 cm'i (w, vc^c) 
[AgCsCC6H4F-2]„: Yield: 56%, IR: v = 2054 cm"' (w, vc式） 
General Advice Concerning Use and Storage of Silver Ethynide Crude 
Complexes: Because their potentially explosive nature, they shall be stored in 
refrigerator and in dark. Only small amount should be used in experiment and use a 
tissue to sip up their wetness in need. Shall heavy mechanical shock keep away from 
them when using and under storage, nor being heated unless for melt point or 
detonation temperature determination in which case shall minum be used. 
AgOCC6H4l-4 • ZAgCFaCOO (2.1): AgBF，(0.384g, 2mmol) and AgCFsCOO 
(0.220g, Immol) were dissolved in ImL distilled water, and subsequently 
[AgC=CC6H4l-4]n (~0.050g, estimated). The mixture was stirred vigorously for 1 hour. 
During that time, 0.2mL acetonitrile was added. The undissolved was then filtered off, 
and filtrate stored under 25°C in dark. Transparent crystals in slices formed two weeks 
later. IR: v = 2032 cm"^  (w, vc^c). 
AgOCC6H4l-4 • SAgNOa (2.2): Use AgNOs (0.170g, Immol) instead ofAgCFjCOO 
in the procedure for 2.1 with no further difference. Transparent crystals in slices 
formed two weeks later. IR: v = 2022 cm'' (w, vc=c)-
2AgCsCC6H3Cl2-3,4 • SAgCFjCOO • 2CH3CN • H2O (2.3), 
4AgC=CC6H4Cl-3 • 6AgCF3COO • 5CH3CN (2.4), 
4AgCsCC6H4Br-3 • GAgCFjCOO • SCHjCN (2.5) and 
2AgCsCC6H4CI-2 . 4AgCF3COO • 2CH3CN (2.7): 
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Procedures similar to that for 2.1 were used by simply replacing [AgC三CC6H4l-4]n 
with [AgC=CC6H3Cl2-3,4]n, [AgC=CC6H4Cl-3]n，[AgC=CC6H4Br-3]n and 
[AgC=CC6H4Cl-2]n, respectively. Block-like (2.3) or needle-like (2.4, 2.5, 2.7) 
colorless crystals formed two or three weeks later. IR(vc=c, cm"'): v = 2048 (2.3); v = 
2065, 2000 (2.4); v = 2048，2012 (2.5)，v = 2058 (2.7). 
2AgC=CC6H4Cl-2 • 4AgCF3COO . NC(CH2)4CN (2.6): AgBF4 (0.384g�2mmol) 
and AgCFaCOO (0.220g, Immol) were dissolved in the mixture of ImL distilled 
water, 0.5mL acetonitrile and O.lmL adiponitrile, to which [AgC=CC6H4Cl-2]n 
(~0.050g, estimated) added subsequently. The mixture was stirred for 4 hours. One 
week after filtration, block-like colorless crystals are formed. IR: v = 2041 cm'' {w, 
voc). 
AgC=CC6H4F-2 . 2CF2(CF2COOAg)2 • 2CH3CN (2.8): AgBF4 (0.384g, 2mmol), 
hexafluoroglutaric acid (0.120g, 0.5mmol) and Ag20 (0.116g�O.Smmol) were 
dissolved in a mixture of ImL distilled water and 0.2mL acetonitrile, to which 
[AgC=CC6H4Cl-2]n (�0.050g, estimated) added subsequently. The mixture was stirred 
for 4 hours and filtered afterwards. Colorless needle-like crystals are formed after two 
weeks. IR: v = 2057 cm'' {w, vc=c). 
4AgC=CC6H4N02-2 • lOAgCsF^COO . 4CH3CN . 4H2O (2.9): AgBF4 (0.384g� 
2mmol) and AgCsFyCOO (0.165g, O.Smmol) are dissolved in a mixture of 0.6mL 
distilled water and 0.6mL acetonitrile, to which [AgC=CC6H4N02-2]n (~0.030g, 
estimated) added subsequently. The mixture was vigorously stirred for 4 hours, then 
filtration performed. Yellow needle-like crystals grown from the filtrate one month 
later. IR: v = 2057 cm"^  (w, vcec). 
AgC=CC6H4N02-2 . SAgCzFsCOO • 2CH3CN (3.1): AgBF4 (0.384g�2mmol) and 
AgCiFsCOO (0.290g, Immol) are dissolved in a mixture of ImL distilled water, and 
81 
Chapter 4. Experimental 
0.4mL acetonitrile, to which [AgC三CC6H4N02-2]n (~0.050g, estimated) added 
subsequently. The mixture was vigorously stirred for 4 hours, and then filtered off. 
Yellow crystals formed after about two weeks. IR: v = 2048 cm"' O�vc=c) , 
AgC三CC6H4NO2-4 • SAgCzFsCOO • CH3CN (3.2): A procedure similar to 3.1 was 
taken, except [AgC=CC6H4N02-4]n replaced [AgOCC6H4N02-2]n. IR: v = 2039 cm.i 
(w�vc=c), 
3AgC=CC6H4N02-4 • 4AgCF3COO • 2CH3CN (3.3): AgBF* (0.384g, 2mmol) and 
AgCFsCOO (0.330g, 1.5mmol) are dissolved in a mixture of ImL distilled water and 
0.4mL acetonitrile, to which [AgOCC6H4N02-4]n (~0.050g, estimated) added 
subsequently. The mixture was vigorously stirred for 4 hours, then filtration 
performed. Yellow crystals were found in the filtrate two weeks later. IR: v = 2040, 
2024 cm-' (voc).. 
AgC三CC6H4NO2-4 • SAgCFaCOO . CH3CN • 0.5NC(CH2)4CN (3.4): AgBF4 
(0.384g, 2mmol) and AgCFsCOO (0.220g, Immol) are dissolved in a mixture of ImL 
distilled water, 0.3mL acetonitrile and O.lmL adiponitrile, to which 
[AgC=CC6H4N02-4]n (~0.050g, estimated) added subsequently. The mixture was 
vigorously stirred for 4 hours, and then filtered off. Yellow block-like crystals formed 
after about one week. IR: v = 2046 cm'^ (w, vc=c). 
AgOCC6H4N02-4 • SAgCiFsCOO • 2CH3CN (3.5): AgBF* (0.384g�2mmoI) and 
AgCzFsCOO (0.290g, Immol) are dissolved in a mixture of 0.6mL distilled water, and 
0.6mL acetonitrile, to which [AgOCC6H4N02-4]n (~0.050g, estimated) added 
subsequently. The mixture was vigorously stirred for 4 hours, and then filtered off. 
Yellow crystals formed after about one week. IR: v = 2043 cm"' {w, vc=c)-
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AgC=CC6H4N02-4 • SAgCzFsCOO • CH3CN • NC(CH2)4CN (3.6): AgBF* (0.384g� 
2mmol) and AgCiFsCOO (0.290g, Immol) are dissolved in a mixture of 0.6mL 
distilled water, 0.6mL acetonitrile and 0.1 mL adiponitrile, to which 
[AgOCC6H4N02-4]n (~0.050g, estimated) added subsequently. The mixture was 
vigorously stirred for 4 hours, and then filtered off. Yellow crystals formed after about 
one week. IR: v = 2044 cm'' (w, vc=c), 
4AgCsCC6H4N02-4 • “AgCsFVCOO • 3CH3CN (3.7): AgBF4 (0.384g�2mmol) and 
AgCsFyCOO (0.165g, 0.5mmol) are dissolved in a mixture of 0.6mL distilled water 
and 0.6mL acetonitrile, to which [AgOCC6H4N02-4]n (�0.030g�est imated) a ded 
subsequently. The mixture was vigorously stirred for 4 hours, then filtration 
performed. Yellow block-like crystals grown from the filtrate 10 days later, and turned 
to oil form in mother solution after additional 10 days. IR: v = 2022 cm'' (w, vc^). 
3AgC三CC6H4NO2-4 • SAgCFaCOO • 3CH3CN (3.8): AgBF* (0.384g, 2mmol) and 
AgCFaCOO (0.220g, Immol) are dissolved in a mixture of ImL distilled water and 
0.5mL acetonitrile, to which [AgC=CC6H4N02-4]n (~0.050g, estimated) added 
subsequently. The mixture was vigorously stirred for 4 hours, then filtration 
performed. Block-like crystals in light yellow were found in the filtrate two weeks 
later. IR: v = 2079, 2034 cm_i (vc^ c).. 
7AgOCC6H4N02-4 . ITAgCFaCOO . IICH3CN • H2O (3.9): AgBF* (0.384g, 
2mmol) and AgCFsCOO (0.220g, Immol) are dissolved in a mixture of ImL distilled 
water, 0.3mL acetonitrile and O.lmL trimethylacetonitrile, to which 
[AgC=CC6H4N02-4]n (~0.050g, estimated) added subsequently. The mixture was 
vigorously stirred for 4 hours, then filtration performed. Block-like crystals in light 
yellow were found in the filtrate two weeks later. IR: v = 2104，2080, 2061, 2051 cm"' 
(vcec). 
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AgC=CC6H4N02-4 • AgCFsCOO • CF2(CF2COOAg)2. H2O (3.10): AgBF4 (0.384g, 
2mmol), AgCFsCOO (0.220g, Immol), CF2(CF2COOH)2 (0.120g, 0.5mmol) and 
Ag20 (0.116g, 0.5mmol) were dissolved in ImL distilled water, to which 
[AgC=CC6H4N02-4]n (~0.030g, estimated) and AgzC* (�0.030g) added. The mixture 
was vigorously stirred for 4 hours, then filtered off. Hexagonal deep red crystals were 
formed after 2 days. IR: v = 2036 cm'' {w, vc=c). 
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4.2 X-Ray Crystallography 
Selected crystals were used for data collection on a BrukerAXS Kappa APEX2 
CCD diffractometer using frames of oscillation range 0.5°, with 2° <6 < 28°, or on a 
BrukerAXS® SMART 1000 CCD diffractometer using frames of oscillation range 0.3°， 
with 2° <6 < 28°, both were energized at SO.OkV by 30.0mA and releasing Mo Ka 
radiation (k = 0.71073A) for diffraction, and APEX II and SMART software were 
used for data collection respectively. An empirical absorption correction was applied 
using the SADABS program.[26a] structures were solved by the direct method and 
refined by full-matrix least squares based on F^ using the APEX2 Suite 2.1.4 includes 
the programs in traditional SHELXTL package.[26b] 
Oxford Cryostream 700 Plus® system was used for low-temperature data 
collection. Reflection data for complex 3.1, 3.2, 3.6，3.7 and 3.9 were collected at 
173K, for other complexes were collected at 293K. 
The crystallographical data are provided in Crystal Data Sheet. Detailized 
atomic coordinates, anisotropic displacements, bond lengths and bond angles are 
available as a single file in Microsoft Word 97-2003 format. 
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Crystal Data Sheet: 





































































F(000) 712 1544 3312 2372 
Dc (mg/m^) 3.052 3.722 2.567 2.317 
//(MoA:a)(mm'') 5.346 7.223 3.298 2.918 
25.50 25.20 25.50 26.01 
Total refl. 28642 26840 49585 24230 
Unique refl. 3136 2687 8398 14023 
Refl.[/>2(T(/)] 2882 2675 7438 9689 
Parameters 252 215 712 979 
举 t ) 0.0271 0.0261 0.0397 0.0365 
/?(sigma) 0.0133 0.0130 0.0283 0.0580 
R,(obsd) 0.0271 0.0181 0.0339 0.0467 
w/?2 (all) 0.0620 0.0432 0.0812 0.1281 
Tmin/Tmax 0.8417 0.5213 0.7508 0.7698 
Flack factor N/A 0.00(2) 0.02(3) N/A 
S (GooF) 1.053 1.110 1.021 1.026 
Max, mean A/CT 0.000，0.000 0.001，0.000 0.001，0.000 0.001，0.000 
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